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(57) An oxygen-containing heterocyclic compound represented by IbDowing Fomiula (0: 



(I) 




wherem R and R independently repr^ent hydrogen, lower alkyl. cyano. -(CH2)n-E-CO-F (wherein E represents a 
bond. O. or NH; F represents OR^ or NR^R^; and n represents an integer of 0 to 4). or the like; R^ and R^ are combined 
to represent a saturated carbon ring together with a carbon atom adjacent thereto; or R^, and R^^ or R^^ described 
below are comWned to form a single bond; R^ represents hydrogen, phenyl; or halogen; R^ represents hydroxy, lower 
alkoxy. or the like; A represaits -C(R^(R^O)- or O; B represents O, NR^\ -C(R^2j.j:^i3j ^ -C(Ri4)(Ri5)-C(R^mi7^- 
D represents (i) -C(R18)(r19).x. (wherein X represents ■C(R21)(R22)-. s. or NR23). (ii) -c^^^^ly. [V repr^ • 
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dH^^'Z- (wherein Z represents CONH, CONHCH2, or a bond), or NJ. or (Hi) a bond; and represents aryl, an aro- 
matic heterocyclic group, cydoalkyl, pyridine-N-oxide. cyano. or lower alkoxycarbonyl; or a pharmaceutically acceptable 
salt thereof. 
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The present invention relates to oxygen-containing heterocyclic compounds which exhibit phosphodiesterase 
(PDE) IV inhibitory activity and which are useful as therapeutic agents for inflammatory allergic diseases such as bron- 
chial asthma, allergic rhinitis, and nephritis: autoimmune diseases such as rheumatoid arthritis, multiple sclerosis 
Crohn's disease, psoriasis, and systemic lupus erythematosus; diseases of the central nervous system such as depres- 
sion, amnesia, and dementia: organopatiiy associated with ischemic reflux caused by cardiac failure. shocK and cere- 
brovascular diseases, and the like; insulin-resistant diabetes; wounds; AIDS, and the like. 

Background Art 

Heretofore, it is known that the functions of numerous hormones and neurotransmitters are expressed by an 
increase in the concentration of adenosine S'.S'-cyclic monophosphate (cAMP) or guanosine 3\5'-cyclic monophos- 
phate (cGMP). both of which are the secondary messengers in cells. The cellular concentrations of cAMP and cGMP 
are controlled by the generation and decomposition thereof, and their decomposition is earned out by PDE Therefore 
when PDE is inhibited, the concentrations of these secondary cellular messengers Increase. Up to the present. 7 kinds 
of PDE isozymes have been found, and the isozyme-s elective PDE inhbitors are expected to exhibit pharmacotogical 
effect based on their physiological significance and distribution in vivo (TiPS. 1990. H. 150. TiPS, 1991, 12. 19) 

It is known that the activation of Inflanrimatory leukocytes can be suppressed by increasing the concentration of the 
c^lular CAMP. The activation off leukocytes causes secretion of Inflammatory cytokines such as tumor necrosis factor 
(TNF). and expressionof the cellular adhesion molecules such as irtercellular adhesion molec^ followed bv 

cellular infiltration [J. Mol. Cell. Cardfol.. 1989, 12, (Suppl. II), S61]. 

It is known that the contraction of a respiratory smootti muscle can be suppressed by increasing the concentration 
of the cellular cAMP (T. J. Torphy in Directions for New Anti-Astiima Drugs, eds S. R. O'Donell and C. G. A. Persson 
1988. 37. Birkhauser-Verlag). The contraction of a respiratory smooth muscle is a main symptom of bronchial asthma' 
Inflammatory-leukocyte infiltration of neutrophils and the like Is observed in lesions of organopathy associated with 
ischemic r^lux such as myocardial ischemia. It has been found that the IV type PDE (PDE IV) mainly partfcipates in the 
decomposition of cAMP in these inflammatory cells and tracheal smooth musde cells. Therefore, the inhibitors selec- 
tive for PDE IV are expected to have tiierapeutic and/or preventive effect on inflammatory diseases, respiratory obstruct 
tive diseases, and ischemic <fiseases. . 

Further, tiie PDE IV inhibitors are expected to prevent the progr^s and spread of the inflammatory reaction trans- 
mitted by inflammatory cytokines such as TNFa and interleuWn (IL).8. because tfie PDE IV inhibitors suppress tiie 
secretion of tiiese cytokines by increasing tiie concenb-ation of cAMP For example. TNFa is reported to be a factor of 
insulin-resistant diabetes because it declines the phosphorylating mechanism of insulin receptors of muscle and fat 
cells (J- Clin. Invest.. 1994.94. 1543-1549), Similarly, it is suggested that TNFa participates in the onset and program 
of autoimmune diseases such as rheumatoid artiiritis. multiple sclerosis, and Crohn's disease, and that the PDE IV 
inhitMtors are useful for tiiese diseases (Nature Medicine, 1995. L 21 1-214 and 244-248). 

Drugs which increase cAfwIP are reported to enhance the healing of wounds [Nippon Yakuri-gakkai the 68th annual 
meeting (Nagoya). P3-1 16. 1995). • • . 

PDE IV-selective inhibitors having catechol structures are discfosed in WO96-0021 8 WO96-0021 5 W095-35285 
W095-352a4, W095^83. W095-3K81. W095-28926. W095-27692. W095-24381, W095-2252o' WO95-20578' 
W095-17399i W095-17392, W095-i4681. WO95-14680. W095^14667. W095O9837. WO95-09836 WO95-09627' 
WO95-09624. WO95-09623. WO95.08534. WO95-04046. WO95-04045. WO95-03794. WO95-01338' WO95O0516' 
W095^139. US5461056. EP0685479. EP0685475. EP0685474. EP0671389. W093-25517 * W094-25437' 
EP0623607. WO94-20446. WO94-20455. WO94-14800. ^094-14742, W094-1246i. WO94-10118 WO94-02465' 
W093-19751. WO93-19750. WD93-19749. W093-19748. W093-19747. WO93-18024. WO93-150481 WO93-0714l' 
Japanese Put>lished Unexamined Patent Application No. 1 1 7239/93. W092-1 9594. and EP0497564 

Compounds which have a benzofuran structure and PDE IV-inhibitory activity are reported (Bioorganic Med Chem 
Lett., 1994. 14, 1855-1860. EP-0685479. WO96-03399). 

Heretofore, benzofuran derivatives are industrially useful and are disclosed in patents of intermediates of product 
matenals. light emitting elements, agricultural chemfoals. anthelminttiics. drugs, and the like, 

Benzofuran, benzopyran. and benzocfioxole derivatives which have a carboxyl group or a tetrazolyl group are dis- 
^ Japanese Published Unexamined Patent Application Nos, 50977/86 

12^061/86, 143371/86, and 230760/87. and are described to exhibit leukotriene antagonism, phospholipase inhibitor^ 
activity. 5a reductase inhibitory activity, aklose-reductase inhibitory activity, and the like. 

WO92-01681 and W092-12144 disclose benzofuran and benzopyran derivatives which exhibit acyl-CoA acetyl- 
transferase (ACAT) inhibitory activity. . 
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WO93-01169 discloses benzofuian derivatives which exNbit tachykinin antagonism. 

EP0307172 and US4910193 disclose benzofuran derivatives which exhilsit antagonistic activity against serotonin 
(5HT)3 receptors. 

5 Disclosure of the Invention 

The present Invention relates to oxygen-containing heterocyclic compounds represented by following Formula (I): 
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wherein and independently represent hydrogen, substituted or unsubstituted lower alkyl. cycloalkyl. polycy- 
cloalkyi, lower alkenyl. cycloalkenyl. substituted or unsukjstituted aryt. a sut>stituted or innsubstituted aromatic hetero- 
cyclic group, aralkyl. cyano, or -(CH2)n-E''-CO-G^ [wherein represents a bond. O. or NH: and represents 
25 hydrogen, substituted or unsubstituted lower alkyl, cycloalkyl. polycyctoalkyi, substituted or unsubstituted aryl. a substi- 
tuted or unsubstituted aromatic heterocyclrc group, aralkyl. OP^ (wherein represents hydrogen, lower alkyl. 
cycloalkyl, polycydoalkyl. substituted or unsubstituted aryl. a substituted or unsubstituted aromatic heterocydk: group, 
or aralkyl). or NR^R^ (wherein R^ and R^ independentiy represent hydrogen, lower alkyl. cycloalkyl, polycydoalkyl. sub- 
stituted or unsubstituted aryl, a substituted or unsubstituted aromatic heterocyclic group, substituted or unsubstituted 
30 aralkyl, or heteroarylalkyi; or R^ and R^ are comtMned to represent a substituted or unsubstituted heterocyclic group 
containing a nitrogen atom); and n represents an integer of 0 to 4]; R"" and R^ are combined to represent a saturated 
carbon ring together witii a carbon atom adjacent ttiereto; or R^. and R^ ^ or R^ ^ described below are combined to lorm 
a single bond; represents hydrogen, phenyl, or halogen; R"* represents hydroxy or substituted or unsubstituted lower 
alkoxy; A represents -C(R®){R^°)- (wherein R^ and independentiy represent hydrogen, substituted or unsubstituted 
35 lower alkyl. cycloalkyl, or polycydoalkyl) or O; B represents O, NR^^ [wherein R^^ represents hydrogen, lower alkyl. 
cydoalkyl. polycydoalkyl. lower alkenyl. cydoalkenyl, substituted or unsubstituted aryl. a substituted or unsubstituted 
aromatic heterocydic group, aralkyl. or -(CH2)m-E^-CO-G^ (wherein E^. G^. and m have ttie same meanings as tiie 
above^escribed E\ G^ and n. respectively); or R^^ and R^ are combined to form a single bond], -C(R^2j{r13j. 
[wherein R^^ and R^^ independentiy represent hydrogen, substituted or unsubstituted lower alkyl, cydoalkyl, polycy- 
40 doalkyl. lower alkenyl, cydoalkenyl, substituted or unsubstituted aryl, a substituted or unsubstituted aromatic heterocy- 
dic group, aralkyl, cyano. or -(CH2)p-E^-CO-G^ (wherein E^. G^, and p have the same meanings as the above- 
described E^ , G\ and n, respectively); R^^ and R^ are combined to form a single bond; or R**^ and R^ are combined to 
form a saturated carbon ring together with two carbon atoms acflacent thereto]; or -C(R^'*)(R^^-C(R^^){R^^)- [wherein 
R^^ and R^^ independentiy represent hydrogen, substituted or unsubstituted lower alkyl, cydoalkyl, aralkyl, substituted 
45 or unsubstituted aryl, or a substituted or unsubstituted aromatic heterocydic group; or R"*^ and R**^ are combined to 
form O; and R^^ and R"*^ independentiy represent hydrogen, substituted or unsubstituted lower alkyl. cydoalkyl. aralkyl, 
substituted or unsubstituted aryl. or a substituted or unsubstituted aromatic heterocyclic group; or R^^ and R^^ are com- 
bined to form a single bond; or R" and R^^ are combined to form a saturated carbon ring togetiier witti two carbon 
atoms adjacent thereto]; D represents (i) -C(R^^(R^^-X- [wherein R^« represents hydrogen, substituted or unsubsti- 
50 tuted tower alkyl, cydoalkyl, polycydoalkyl. lower altenyl, cyctoalkenyl. substituted or unsubstituted aryl. a sii)stituted 
or unsubstituted aromatic heterocyclic group, hydroxy, substituted or unsubstituted lower alkoxy, or lower alkancykixy: 
and R^^ represents hydrogen, substituted or unsubstituted lower alkyl. cydoalkyl. polycydoalkyl. lower alkenyl. 
cydoalkenyl, substituted or unsubstituted aryl. a substituted or unsubstituted aromatic heterocyclic group, hydroxy, sub- 
stituted or unsubstituted lower alkoxy. lower alkanoyloxy. lower alkanoyl, cydoalkanoyl, lower alkoxycarbonyl, or cyano; 
55 or R*"^ and R^^ are combined to form O, S. or NR^o (wherein R^^ represents hydrogen, substituted or unsubstituted 
lower alkyl. cydoalkyl. polycydoalkyl. lower alkenyl, cycloalkenyl, sut>stituted or unsubstituted aryl, a substituted or 
unsubstitJted aromatic heterocydic group, hydroxy, substituted or unsubstituted lower alkoxy. or lovyer alkanoyloxy); X 
represents -C(R2^)(R^^)- (wherein R^"* and R^ independently represent hydrogen, substituted or unsubstituted lower 
alkyl. cydoalkyl. polycydoalkyl. lower alkenyl, cydoaltenyl. substitijted or unsidastituted aryl. a substituted or unsubsti- 
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taJt^ar«>matic het^ocyclic group, lower alkanoyl. cycloalkanoyl. lower alkoxycartjonyl. or cyano) or S: or X represents 
NR (wherein R represents hydrogen, lower alkyl. cycloalM. substituted or unsubstituted aryl. a substituted or 
"r^I^^T aromatic heterocyclic group, or aralkyi) unless and R^ simultaneously represent substituted or unsub- 
rm^^ 77 ''^L?"^' POlycyCoa'kyt. I^er alkenyl. or cyOoalkenyl included in the above definiton]. (ii) - 
C(R )=Y- [wherein R"" represents hydrogen, sitstituted or unsubstituted lower alkyl. cydoalkyl. polycydo^lwt 
tower alkeny^ cydoalkenyl, substituted or unsubstituted aryl. a substituted or unsubstituted aromatic heterocyclic grom 
hydroxy, substituted or unsubstituted tower all«xy. lower alkanoyloxy. lower all«noyl. cycloalkanoyl. lower alkoxycarbo: 
nyl or 9)«no; and Y represents -C(R2'')-Z-(wherein R^" represents hydrogen, substituted or unsubstituted lower alkyl 
cydoalkyl pdycycloalkyl. lower alkenyl. cydoalkenyl, substituted or unsubstituted aryj. a substituted or unsubstituted 
aromatc heterocydic group, tower alkanoyl, cyctoalkanoyl, lower alkoxycarbonyl, or cyano- or R^* and R^^" are oom- 
"^■1°.!^"' ^ ^'"t^ ^"'^ ^ feP^esents CONH. CONHCH2. or a bond) or NQ, or (iii) a bond: and R^ represents 
si^rtuted or unsubsttuted aryl. a substituted or unsubstituted aromatic heterocydic grotp, cydoalkyl pyridine-N- 
LT^- °' "f*^ alkoxycarbonyl; or pharmaceutteally acceptable salts thereof. Hereinafter, the cor»^unds repre- 
sented by Fomiula (I) are referred to as Compounds (I). The same applies to the compounds of other formula numbers 
In the definitions of the groups in Formula (I), the lower alkyl and the lower alkyl moiety of the tower alkoxy. the lower 
a^oyfoxy. ttie lower alkanoyl, the lower alkoxycarbonyl, and the heteroarylalkyi indude straight-chain or branched 
alM groups having 1 to 8 carbon atoms, such as methyl, ethyl, propyl, isopropyl. butyl, isobutyl, sec-butyl tert-butyl 
^ntyl. hexy^. heptyl. and octyl: the cydoalkyl and the cydoalkyl moiety of the cydoalkanoyi indude cydoalkyl group^ 
having 3 to 0 ca*on atoms, such as cyclopropyl. cyctobutyl. cydopentyl, cydohexyl. cydoheptyl. cyctoodyl. cyctorro- 
nyl and cydodecyl: and the polycydoalkyi indudes polycyctoalkyl groups having 4 to 12 carbon atoms, such i Wcy- 
do[3.2.1]ortyl. bicydot4.3.2]undecyl, adamantyl, and noradamanlyl. The tower alkenyl indudes sbaight-chain or 
branched alkeny^ groups having 2 to 8 cartton atoms, sudi as vinyl. 1-propenyl. ally!, methacryl. i-butenyl. aotyl. peri- 
tenyl. Koprenyl. he^^nyl. hepfenyl. and octenyl; and the cydoalkenyl includes cydoalkenyl groups having 4to tOcarbon 
aton«^ such as qrdobutenyl. cydopentenyl. cyclohexenyl. cydoheptenyl, cyclooctenyl. cydononenyl, and cyclodece- 
nyl The aryl indudes phenyl and naphthyt; and the aralkyi indudes araJkyI groups having 7 to 15 carbon atoms sud, 
as benzyl pheneUiyl benzhydryl, and naphthylmethyl. The aromatk: heterocyclic group and the heteroaryt moiety of the 
heteroarylalkyi indude pyndyl, pyrazinyl. pyrimidinyl. pyridazinyl, quindinyl, isoquinolinyl. phthalazinyl, quinazolinyl oui- 
nmcalinyl, naphthyridinyl. pyrrdyi. pyrazdyl, imidazolyl. triazolyl. tetrazdyl. thienyl, furyl. tWazolyl, oxazolyl, indoM irida- 
zolyl. benzimidazolyl. benzotriazolyl, and purlnyl. The heterocydic group containing a nitrogen atom includes 
I^w*^"^" P'P^'^'"°' Piperazinyl. morpholino, thtomorphdino, homopiperidino, homop»)erazinyt. tetrahydrapyridinyl 
tetrahydroquinolinyl, and tetrahydroisoquinolinyl: and the saturated caitxtn ring together with two adacent carbm 
^^'H^ ^"^"^ ^. '° ^° ^* ^ cydopropane. cydobutane. cydopentane. cydohexane. 

Orcloheptane. cydooctane. cydononane, and cyclodecane. The halogen indudes a fluorine, ditorine, bromine, and 
iodine atom. . 

The sut»titut^ tower alkyl has the same or different 1 to 2 subetftuents sudi as cydoalkyl, whtoh has the same 
meaning as defined above. 

' i ^ li^Iif* s^setuted aromatic heterocydic group, and substituted aralkyi each has the same or different ' 
11° . t^l^^ ^'^ ^ 'o'^f a'ky'- fVdroxy, lower alkoxy. tower alkanoyl, lower alkoxycarbonyl, carboxyl aminocar- 
amino, cyano. nibo. and halogen. The lower alkyl. lower alkoxy, tower alkanoyl, lower alkoxycar- 
40 bonyl. and halogen each has Oie same meaning as defined above. 

■"'^substituted heterocydic group cortaining a nitrogen atom has the same or differerti to 3 su^^ 
dSned Si,^ ' ^ ^ ^ each has the same meaning as 

The substituted lower alkoxy has the same or different 1 to 3 substituents sudi as hatogen, wfaidi has the same 
meaning as defined above. 

yie pharmaceutically acceptable salts of Compounds (I) Include pharmaceulically acceptable acid addition salts 
metal salts, ammonium salts, and organic amine addition salts. 

"^^ P^f ™ceutical!y acceptable acid addition salts of Compounds (!) include inorganic acid addition salts such as 
tVdrochlonde. sulfate, nitrate, and phosphate, and organic acid addition salts such as acetate, maleate. fumarate and 
50 citrate: the pharmaceutcally acceptable metal salts Include alkali metal salts such as sodium salt and potassium salt 
alkaline earth metal salts such as magnesium salt and calcium satt. aluminium salt: and zinc salt; the pharmaceutlcalh^ 
acceptable ammonium salts include ammonium and tetramethylammonium: and the pharmaceutically acceotaWe 

organic amine addition salts indude addition salts with morpholine and w 
Processes for preparing Compound (0 are descrbed below. 
55 Manufacfanr^ method 1: Compound (la), which is Compound (I) In which D Is (1) -C(R^«)(Ri9)-X- and is substituted 
SwlSng P^il^Tuo^ri? ^ ""substituted aromatic heterocyclic group, can be obtained according to the fol- 

Process 1 -1 : Com^und (laa). which is Compound (la) In which X is -C(r21)(r22)-. and R^^ and R^^ are not combined 
to form O, S, or NR-". can be prepared according to the foltowing reactfon ste^^ 
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(laa-b) (laa-c) (laa-d) 



(In the formulae, is substituted or unsubstituted aryl or a substituted or unsubstituted aromatic heterocyclic group 
in the definition of R^; R^®® is a group other than hydrogen, hydroxy, substituted or unsubstituted lower alkoxy. and lower 
alkanoylaxy in the definition off R^®, and R^^ and R^^ are not connbined to form O, S. or NR^^; r25 is substituted or 
unsubstituted lower atkyi or lower alkanoyt; and A. B. R\ R^ r3. R^. R^®^, and each has the same meaning 
as defined above.) 

The substituted or unsiAetituted lower alkyi and lower alkanpyloxy in the definition of R^ each has the same mean- 
ing as defined above. 

The starting Compound (II) can be obtained according to the known methods (J. Org. Chem.. 1987. 52. 4072. Org. 
Prep. Proced. Int. 1989, 763, Synthesis. 1978, 886. Arzneim.-Forsch.. 1971. 2L 204. WO93/18024, W094/12461) 
or the methods described in Reference Examples. In addition, the starting Compound (III) is commercially available, or. 
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if the starting Compound (110 is a picoline derivative, it can be obtained according to a known method {W094/20455) or 
a similar method thereto. 

Compound (laa-a), which is Compound (laa) In which R""® Is hydroxy, can be obtained by treating Compound (HQ 
with a base in an inert solvent at the temperature between -100»C and room temperature for 5 minutes to 10 hours, fol- 
lowed by reaction with a starting Compound (II) at the temperature between -lOO^C and the boiling point of the 
employed solvent for 5 minutes to 30 hours. 

Examples of the base are sodium hydrcodde, potassium hydroxide, sodium methoxide. potassium ethoxide. sodium 
hydride, potassium hydride, butyl lithium, lithium diisopropylamide (LDA), potassium tert-butoxide, triethylamine. diiso- 
propylethylamine. tributylamine, dicyclohexylmethylamine. N-methylmorphorine. IM-methylpiperidlne, diazabicydoun- 
decene (DBU). and diazabicydononehe (DBN). 

Examples of inert solvent are tetrahydrofuran (THF). dioxane. diethyl ether, ethylene glycol, triethylene glycol, 
glyme, diglyme, methanol, ethand. butanol. isopropanol. dichloromethane. chloroform, benzene, toluene. dimethyHor- 
mamide (DMF). and dimethyl sulfoxide (DMSO). 

Compound (laa-b), which Is Compound (laa) In which R^^ is hydrogen, can be obtained by treating Compound 
(laa-a) with a reducing agent in the presence or absence of a catalytic amount to a largely excess amount of an acid 
catalyst in an Inert solvent at the temperature between -100*C and the boiling point of the employed solvent for 5 min- 
utes to 48 hours. 

Examples of the acid catalyst are p-tduenesuKonic acid, methanesuKonic acid, hydrochloric add, trifluoroacelic 
acid, boron trifluoride. aluminium chtoride. stannic chloride, titanium tetrachloride, zinc chloride, and fenic chloride. 

Examples of the redudng agent are triethylsilane..trftHJtyteiIane. dimethylphenylsilane, and trichlorosilane. 

Examples of the inert solvent are THF, dioxane. diethyl ether, ethylene glycol, triethylene glycol, glyme. diglyme. 
dichloromethane, chloroform, benzene, and toluene. 

Compound (laa-ba). which is Compound (laa-b) In which is hydrogen, can also be obtained by treating Com- 
pound (Iba) prepared by the method described below (Process 2-2) with a reducing agent In an inert solvent at the tem- 
perature between -100*»C and the boiling point of the employed solvent for 5 minutes to 30 hours, or by subjecting 
Compound (Iba) to hydrogenation in the presence of a catalyst in an inert solvent at tiie temperature between room 
temperature and tiie boiling point of the employed solvent for 5 minutes to 30 hours. An example of the reducing agent 
is sodium borohydride; examples of the catalyst for the hydrogenation are palladiunVcarbon, palladium, platinum diox- 
ide, and Raney nickel; and examples of ttie inert solvent are THF, dfoxane, metiianol. ethanol. butanol. and isopropanol. 

Compound (laa-c), which is Compomd (laa) in which R^® is a group other than hydrogen, hydroxy, substituted or 
unsubstifcrted lower alkoxy, and lower alkanoyloxy in the definition of R^®, and and R^^ are not confined to form O. 
S, or NR2 , can be obtained by reacting Compound (laa-a) with an alkylating (arylating) agent in the presence of an 
acid catalyst in an inert solvent at the temperature between -100'C and the boiling point of the employed solvent for 5 
minutes to 30 hours. 

Examples of the alkylating (arylating) agent are various Wnds of alkyi- or arylmagnesium bromides, alkyl-or aryl- 
magnesium chlorides. alkyI- or arylmagnesium iodides, trialkylaluminlum. tetraalkyltitanium. dialkyltitanium chloride 
Tebbe reagent, and trialkylsilylnltrile. 

Examples of the acid catalyst are boron trifluoride, aluminium chloride, stannic chlorkJe, titanium tetrachloride, zinc 
chloride, and feme chloride. 

Examples of the inert solvent are THF, dioxane, diethyl ether, glyme, diglyme, dichloromethane, cNoroform. ben- 
zene, and toluene. 

. Compound (iaa-d). which is Compound (laa) in which R^® is substituted or unsubstituted lower alkoxy or lower 
alkanoyloxy. can be obtained by reacting Compound (laa-a) with Compound (IV) in tiie presence of an acid catalyst in 
an inert solvent or witiiout a solvent at the temperature between -lOO^C and the boiling point of ttie employed solvent 
for 5 minutes to 48 hours. 

Examples of the ackl catalyst are p-toluenesulfonic ackJ. metfianesuHonic acid, hydrochforic add. suHiiric add, and 
trif luoroacetic acid. . * 

Exanples of the inert solvent are THF, dioxane, diethyl ether, glyme, diglyme. dichloromethane, chloroform, ben- 
zene, toluene. DMF, and DMSO. 

Process 1-2: Compound (lab), which is Compound (la) In whfoh X is S. and R^» and R^® are not combined to form O. 
S, or IMR20, can be prepared by the fdlowing reaction steps: 
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1 ) alkyl- or arylsulfonyl 
chloride 

2) R^^-SH (VI) 




(In the formulae. ^ is a group other than hydroxy, substituted or unsubstituted lower alkoxy. and lower alkanoyloxy in 
the deflnrtion of R^^. and R^^ and R^^ are not combined to form O, S. or U^; and A, B. R\ R^ R^ R^*, and R^** 
each has the same meaning as defined above.) 

- Conpound (Wa), which is Compound (V) in which R^^ is hydrogen, can be obtained by treating Compound (IQ with 
a reducing agent in an inert solvent at the temperature between -100"C and the boiling point of the employed solvent 
for 5 minutes to 30 hours. 

Examples of the reducing agent are litNum aluminium hydride and sodium borohydride. 

Examples of the inert solvent are THF, dioxane. diethyl ether, ethylene glycol, triethylene glycol, glyme, diglyme. 
methanol, ethanol. butanol, isopropanol. dichloromethane, chloroform, benzene, and toluene. 

Compound (Vb), which is Compound (V) in which R^^ is a group other than hydrogen in the definition of R^^. can 
be obtained by reacting Compound (II) with an alkylating (arylating) agent in an inert solvent at the temperature 
between -100*'C and the boiling point of the employed solvent for 5 minutes to 30 hours. 

Examples of the alkylating (arylating) agent are various kinds of alkyl- or arylmagnesium bromides, alkyl-or aryl- 
magnesium chlorides, alkyl- or arylmagnesium kxJid.es. and varfous kinds of alkyl or aryl lithiums. 

Examples of the inert solvent are THF, dioxane, diethyl ether, glyme. diglyme, methanol, ethanol. butanol. isopro- 
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10 



15 



20 



panol/dichloromethane. chloroform, benzene, and toluene. 

Compound (lab) can be obtained by reacting Compoiaxl (V) with, for example, alkyi- or arylsulfonyl chloride, in the 
presence of a base In an inert solvent at the temperature between -20«C and O'C for 5 minutes to 5 hours, followed by 
reaction with Compound (VO at the temperature between b«»C and the boiling point of the employed solvwrt for 5 min- 
utes to 48 hours. 

Examples of the t>ase are sodium hydride, potassium hydride, butyl lithium. LDA, potassium tert-butoxide, triethyl- 
amine, dHsopropylethylamine. tributyiamine. dicydohexylmethylamine. N-methylmorphorine. N-methyfolDeridine DBU 
andDBN. /r-r- . . 

Examples of the alkyI- or arylsulfonyl chloride are methanesuHonyl chloride, benzenesulfonyl chloride and p-tolue- 
nesuttonyl chloride. ' . 

Examples of the inert solvent are THF, dioxane. diethyl ether, glyme. diglyme, dichloromethane, chloroform ben- 
zene, toluene. DMF. and DMSO. 

Afternaliyely, Compound (lab) can also be obtained by reacting Compound (V) with Compound (VI) in the presence 
of an acid catalyst in an inert solvent at the temperature between -100«»C and the boiling point of the emDloved solvent 
fbr S minutes to 48 hours. 

Examples of the acid catalyst are p-tduenesuHbnic acid, methanesulfonic acid, hydrochtoric add, trifluoroacetic 
acid, boron trif luoride. aluminium chloride, stannic chloride, titanium tetrachloride, zinc chtorlde. and ferric chtoride 

Examples of the inert solvent are THF, dioxane. diethyl ether, glyme, diglyme, dichloromethane, cNoroforml ben- 
zene, and toluene. 

Pr^ess 1 -3: Compound (lac), which is Compound (la) In which X is NR^s. and R^s and R^^ are not combined to form 
O, S. or NR^'', can be prepared by the following reaction step: 



25 



35 




(V) 



1 ) base 

alkyl- or arylsulfonyl 
chloride 



. 2) r23(r5*^)NH 
(VII) 




(lac). 



(In the formulae. A, B. h\ r2 r3. r4 RSa Ri8b Risa ^nd R^^ each has the same meaning as defined above.) 

Compound (lac) can be obtained according to the method described in Process 1-2 in which Conpound (lab) Is 
obtained from Compound (V) and Compound (Vl). using Compound (VIO instead of Compound (VI) 
Process 1-4: Compound (lad), which is Compound (la) in which D is -C(i^).C(r21)(r22)., can be prepared bv the fol- 
lowing reaction step: . 



45 



so 




oxidizing agent 



(laa-aa) 



i22 



(lad) 
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(In the formulae, R\ R^, R^, R^, R^, R^^ , and each has the same meaning as defined above.) 

Conrpound (lad) can be obtained by treating Compound (laa-aa), which is Compound (laa-a) in which R^^* is 
hydrogen, with an oxidizing agent in an inert solvent containing water at the temperature between 0<*C and the boiling 
point of the employed solvent tor 5 minutes to 72 hours. 

Examples of the oxidiztng agent are mainganese cCoxide. potassium pemnanganate, pyridinlum chlorochromate 
(PCC). and pyridinium dichromate (PDC). 

Examples of the inert solvent are THF, dioxane. diethyl ether, ethylene glycol, triethylene gtycot. glyme. diglyme, 
acetone, methyl vinyl ketone, dichloronnethane. chloroform, benzene, toluene, DMF. and DMSO. 
Process 1-5: Compound (lad) can also t>e prepared according to the following reaction step: 




(Ha) (lad) 

(In the formulae. R^^ is substituted or unsubstituted lower alkyl; and A. B. H\ R^. r3, R^. R^*, r2\ and each has 
the same meaning as defined above.) 

Connpound (lad) can be obtained according to the method described in Process 1-1 in which Compound (laa-a) is 
obtained from Compound (11) and Conpound (110. using Compound (Ha), which is a starting Compound (II) in which 
R^^^ is substituted or unsubstituted lower alkoxy. 

Process 1-6: Compound (lad-a). which is Compound (lad) in which R^^ and R^ are groups other than lower alkanoyl, 
cydoalkanoyl. lower alkoxycarbonyl. and cyano in the definition of R^^ and R^. can also be prepared by the following 
reaction step: 



O 




(lad-a) 

(In the formulae. R^""^ and R^* are groups other than lower alkanoyl. cycloalkanoyl, lower alkoxycartonyl. and cyano 
in the definition of R^^ and H^; and A. B. R\ R^. R^, R^ and R^ each has the same meaning as defined above.) 

The starting Compound (VI IQ can be obtained according to the methods described in Reference Exannples or sim- 
ilar methods thereta 

Compound (lad-a) can be obtained t>y reacting Conpound (VIII) with Conpound (IX) in the presence of an add cat- 
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afyst in an inert solvent at the temperature betwe^ -lOO'C and the boiling point of the employed solvent for 5 minutes 
to 30 hours. 

Examples of the acid catalyst are boron trif luoride. aluminium chloride, stannic chloride, titanium tetrachloride zinc 
chloride, and fen-ic chloride. 

Examples of the inert solvent are THF, dioxane, diethyl ether, glyme. diglyme. dichloromethane. 1.2.-dichlo- 
roelhane, chloroform, benzene, nitrobenzene, and toluene. 

Process 1-7: Compound (lae), which is Compound (la) in which D is -C(=0)-NR23-. can be prepared by the followring 
reaction step: 




R^^(R^)NH 
(VH) 




(Hb) 



(lae) 



(In the formulae. A. B. H\ r2. r3. r4, rSo ^^23 meaning as defined above.) 

The desired Compound (lae) can be obtained by dehydrative condensation of Compound (lib), which is a starting 
Compound (II) in which R^^ is hydroxy, and Compound (VII). For the above condensation, numerous methods are 
known and applicable, as described in Jikken Kagaku Kbza, ^ 137-172. the 4th edition (Nippon Kagaku-Kal. 1992). 
For example. Compound (lib) is treated with one equivalent to ai largely excess amount of thionyl chloride, phosphorus 
pentachloride. oxalyl chloride, or the like, if necessary In the presence off a catalytic amount to 20 equivalents of a base, 
in an inert solvent at the temperature between 0»C and the boiling point of the employed solvent for 0.1 to 48 hours to 
give a con^esponding acid chloride. Then, the desired Cbmpourid (lae) can be obtained by reacting the obtained acid 
chloride with 0.5 to 50 equivalents of Compound (VII), if necessary in the presence of 0.5 equivalent to a largely excess 
amount of a base, in an inert solvent at the temperature between 0°C and the boiling point of the employed solvent for 
0.1 to 48 hours. 

Examples of the base are those which are used In the manufacturing method for Compound (laa-a) described in 
Process 1-1. 

Examples of the inert solvents are dichloromethane, chtoroform. benzene, toluene. THF dioxane DMF and 
DMSO. . * ' 

Process 1-8: Compound (laf). which is Compound (la) in which D is -C{=0)-S-, can be prepared by the folfowing reac- 
tion step: 




r'^sh 

(VI) 




(lib) 



(laf) 



(In the formulae. A, B; R'. P?, pp, and R^ each has this same meaning as d^ined above.) 
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Compound (laf) can be obtained according to the method described in Process 1-7 in which Compound (lae) is 
obtained from Compound (lie) and Compound (Vll). using Compound (VI) instead of Compound (Vll). 
Process 1-9: Compound (lae-a). which is Conpound (lae) in which one of and R^^ (or R^^) is -(CH2)n-CO-G^ or - 
(CH2)m-CO<B^. can be prepared by the following reaction steps: 




(VII) 



(CH2)„-C00R2^ 



(CHaWCOOR^^ 



(CH2)„-C00R''' 
or 

(CH2U-CCX)R2' 



(X) 



R^ 



.A 

*{CH2)„-CO-G« ^ G'-" R^ '^^p^^^(CH,k-COOH 
0=»s. or dehydrative 0=k^ or 

NR^ , » condensation NR^^ (CHzU-COOH 




deprotection 



I 

R=« 
(lae-ab) 



(CHaWCO-G" 



j,5a 

(lae-aa) 



[In the fomiulae. is OR® (with the proviso that R® is not hydrogen) or NR^R^ in the definition of (or G^; R^^ is a 
protective group of a caitx>xyl group; and A, B. R^, F^, R*. R^, Pp, n. and m each has the same meaning as defined 
above.] 

A protective group for a cartx>xyl group is generally required to be deprotected selectively compared with an amide 
bpnd for converting a protected cartx)xyt group to a cartx>xyl group, and those which are described in the fifth chapter 
of Protective Group in Organic Synthesis (the second edition. Green and Watt Jon Weary and Suns Incorporated, 
1991) can be applied. Examples of these are esters of sid^stituted or unsubstituted lower alkyt including mett^. eittiyl. 
and tert-butyl, benzyl, allyl, and 2-(trtmethylsnyl)ethyl. 

The starting Compound (llb-a) can be obtained according to the methods described in Reference Examples or sim- 
ilar methods thereta 

Compound (X) can be obtained according to the method described In Process 1-7. using Compound (llb-a) and 
Compourxi (Vll). 

Corrpound (lae-aa), which is Compound (lae-a) in which G^ (or is hydroxy, can be obtained by treating Com- 
pound (X) in the presence of a catalytic to largely excess anriourrt of a base in an inert solvent containing water at the 
temperature between room temperature arxJ the boiling point of the employed solvent for 0.1 to 48 hours. 

Examples of the base are those which are mentioned in Process 1-7; and examples of the inert solvent are THF, 
dioxane, ethylene glycol, triethylene glycol, glyme. diglyme, methanol, ethanol. butanol, and isopropanot. 

Compound (lae-ab). which is Compound (lae-a) in which G"* (or G^ is OR® (with the proviso that R® is not hydro- 
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IS 



gen) or NR^R® in the definition of (or G?). can be obtained adcording to the method descn*bed in Process 1 -7, using 
Compound (lae-aa) and Confound G"-H. 

Process 1-10: Compound (lae-ac). which is Compound (lae-a) in which (or is substituted or unsubstituted lower 
aJkyI, cycloalkyl. polycydoalkyl, substituted or unsubstituted aryl. a substituted or unsubstituted arom^c heterocyclic 
group, or aralkyi in the definition of G^ (or G^, can be prepared by the following reaction step: 




A 

^ (CH2)„-C00R2'» 



alkylating 
(arylating) agent 



or 

{CH2)„,-C00R"» 



}5a 




{CH2)„-CO-G" 



(CHaj^-COG" 



(Xa) 



30 



35 



(lae-ac) 



[In the fomiulae, R^^* is si±»stituted or unsubstituted lower alkyi; G*' is substituted or unsubstituted lower alkyl, 
cydoalkyl. polycydoalkyl, substituted or unsubstituted aryl, a substituted or unsubstituted aromatic heterocydic group 
or aralky! in the definition of G^ (or G^); and A. B. R^, r3 r4 rSs r23 „ ^ meaning as defmed 

above.) 

The substituted or unsubstituted lower alkyl in the definition of R^^a has the same meaning as defined above. 

Compound (lae-ac) can be obtained by reacting Compound (Xa), which is Compound (X) in which P?^ is substi- 
tuted or unsubstituted lower alkyl. with an alkylating (arylating) agent in an inert solvent at ttie temperature between - 
100*C and the bolHng poim of the enrployed solvent for 5 minutes to 30 hours. 

Examples of the alkylating (arylating) agent are varfous Wnds of alkyl- or arylmagnesium bromides, alkyl-or aryl- 
magnesium chlorides, alkyl- or arylmagnesium iodides, and various kinds of alkyl or aryl lithium. 

Examples of the inert solvent are THF, dioxane, diethyl ether, glyme. diglyme, methanol, ethand. butand. iscpro- 
panol. dichloromethane, chloroform, benzene, and toluene. 

Process 1-11: Compound (lae-aca), which is Compound (lae-ac) in which one off R^ and R"*^ (or R^^) is -C(X^, can 
also be prepared by the following reactkm step: 



40 



45 




alkylating 
(arylating) agent 




^ A o 



SO 



(lae-b) 



(lae-aca) 



55 



(In the formulae. A. B, R^. r3, r^, RSa ^23 ^ ^^^^ meaning as defined above.) 

Compound (lae-aca) can be obtained according to the method descn*bed in Process 1-10 from Compound (lae-b), 
which is Compound (lae) in wrtiich R^ is cyano. 

Process 1-12: Compound (lag), which is Compound (la) in whfeh D is -C(=S)-X-, can be prepared by the fdkywing reac- 
tion step: 
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(lad), (lae) or(Iaf) 



P2S5 
or 

Lawesson reagent 




R 



5a 



(lag) 



(In the formulae. A. B. H\ r2, r^. r4, pSa x each has the same meaning as defined above.) 

Compound (lag) can be obtained by treating Conpound (lad). Compound (lae). or Coirpound (laf) with phospho- 
rus pentasulf ide or Lawesson's reagent in an Inert solvent at the temperature between room temperature and the boil- 
ing point of the employed solvent for 5 minutes to 72 hours. 

Examples of inert solvent are pyridine. THF, dioxane, diethyl ether, ethylene glycol, triethylene glycol, glyme. dig- 
lyme. dichloromelhane. chloroform, benzene, toluene, xylene, DMF. and DMSO. 

Process 1 -13: Compound (lah), which is Compound (la) in which D is -C(=NR20)-cr2^ r22.^ can be prepared by the fol- 
lowing reaction step: ' 




R^NH2 




(lad-a) 



(iah-a) 



(In the formulae. A. B, r\ r2 r3, r4, pSa^ r2o f^ia ^ R22a has the same meaning as defined above.) 

Compound (lah-a). which is Compound (lah) in which R^^ and are groups other than lower alkanoyl. cycloal- 
•^"oy*. I^yer alkaxycait)onyl. and cyano in the definrHon of R^^ and r22. can be obtained by reacting Compound (lad- 
a) with NH2 in the presence or absence of an add catalyst in an inert solvent or without solvent at the tenpereiture 
between room temperature and the boiling point of the employed solvent for 5 minutes to 48 hours. 

Examples of the acid catalyst are p-toluenesuHbnic add. methanesuttonic add. hydrochloric acid, sulfuric add, 
acetic acid, and trifluoroacetic acid. 

Examples of the inert solvent are THF. dioxane. dietiiyl ether, ethylene glycol, triethylene glycol, glyme. diglyme, 
methanol, ethanol. isopropanol, tert-butanol. dichloromethane. chloroform, benzene, toluene. DMF, DMSO. and pyrid- 



ine. 



Process 1-14: Compound (la^, which is Compound (I) in which D is (i) -C(Ri8j(pi9j.x. jg pyridine-N-oxide. can 

be prepared the folfowing reaction step: 
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ro 



15 




A pi oxidizing reagent 

/<r2 = - 




(laa), (lad) or (lae) 



(la'a) 



20 



25 



30 



[In the formulae. is D in Compound (laa). (lad), and (lae); and A. B. R\ R^. r3, and each has the same meaning 
as defined above.] 

Compound (la'a). which is Conpound (la") in which D is D in Compound (laa). (lad), and (lae) in the d^inition of D. 
can be obtained by treating Conpound (laa). (lad), or (lae) with an oxidizing agent in an inert solvent at the terrperature 
between room temperature and the boiling point of the employed solvent for 5 minutes to 72 hours. 

Examples of inert solvent are dichloromethane, chloroform, benzene, toluene, xylene. DMF, DMSO. and acetic 
acid. 

Examples of the oxidizing agent are peracelic acid, trifluoroperacetic acid, metachloroperbenzoic acid, hydrogen 
peroxide, benzoyl peroxide, tert-butyl hydroperoxide, and tert-amyl hydroperoxidiB. 

fWlanufacturing method 2: Compound (lb), which Is Compound (I) In which D Is 00 -C{R^®^«Y., can be obtained by the 
following Processes 2-1 to 2-5. 

Process 2-1: Compound (Iba-a), which is Compound (lb) in which Y i$ -CR^* rS is substituted or unsubstrtuted aryl. or 
a sii>stituted or unsi4>stituted aromatic heterocyclic group, and R^^ and R^^"^ are not corrtDined to fonn a single bond, 
can be prepared by the following reaction steps: 



35 



SO 
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10 



15 




H 



524 



p5a 

(Ilia) 




20 



25 



30 



35 



acid catalyst 




45 



so 



55 



(In the formulae, R^^^ is a group other than hydroxy, and substituted or unsubstituted lower alkoxy in the definition as 
R^^*; and A. B. R\ R^, r3. r^^ pSa pi9a ^ p24 ^^^i has the same meaning as defined above.) 

Compound (laa-aa), which is Compound (laa-a) in which R^^ is hydrogen, can be obtained acconJing to the 
method similar to the manufacturing method lor Compound (laa-a) described in Process 1 -1 . using Conpound (lie) and 
Compound (Ilia), which is Compound (III) in which R^ is hydrogen: Compound (laa-aa) is directly converted to Com- 
pound (Iba-a) without isolation when R^^ Is lower alkanoyf. cycloalkanoyi, lower alkQxycart)onyl, or cyano. 

Compound (Iba-a) can be obtained by treating Compound (laa-aa) in the presence an acid catalyst in an inert sol- 
vent at the temperature between room temperature and flie boiling pdnt of tiie employed solvent for 5 minutes to 48 
hours. 

Examples of the acid catalyst are p-toluenesulfonic add. methanesuHonic add, hydrochloric acid, sulfuric add, 
acetic acid, and trif luoroacetic acid. 

Examples of the inert solvent are THF. dioxane, diethyl ether, ethylene glycol, triethylene glycol, glyme. diglyme, 
dichloromethane, chloroform, benzene, toluene. DMF. and DMSO. 

Process 2-2: Compound (Iba), which is Compound (lb) in which Y is -CR^*. and R^"^ and R^®* are not combined to form 
a single bond, can also be prepared by the fbllowing reaction step: 
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(XH) 



(XI) 




(Iba) 



(m the formulae, A. B. H\ r2, r3. r4 rS Risab ^24 meaning as defined above.) 

The starting compound (XI) can be obtained according to the methods described in Reference Examples or similar 
methods thereto. 

Compound (Iba) can be obtained by treating starting Compound (XI) with a base irf ah inert solvent at the tenper- 
ature between -1 OO'C and the boiling point of the employed solvent for 5 minutes to 1 0 hours, followed by reaction with 
Conpound (XIO at the temperature between -1 OO'C and the boiling point of the employed solvent for 5 minutes to 30 
hours. 

Examples of the base and the inert solvent are those used in the manufacturing method for Compound (laa-a) 
described in Process 1-1 . 

Process 2-3: Conpomd (fob), which Is Compound (lb) in which Y is N. and is substituted or unsubstituted aryl or a 
substituted or unsubstituted aromatic heterocycfic group, can be prepared by the following reaction step: 




(Vila) 




(Ibb) 



(In the formulae. A, B, R^ r2. rS, r* RSa and R^^* each has the same meaning as defined above.) 

Cof^urid (Ibb) can be obtained by reacting Compound (lie) with Compound (Vila), which is Conpound (VIQ in 
which R is hydrogen, in the presence of an acid catalyst in an inert solvent or without solvent at the ten^ature 
between room temperature and the boiling point of the employed solvent for 5 minutes to 46 hours- 
Examples of the acid catalyst are p-toluenesulfonic add. methanesulfonic add, hydrochtoric add. sulfuric add, 
acetic add. arxj trifluorpacetic add. 

Exarrples of the inert solvent are THF. dioxane. diethyl ether, ethylene glycol; triethylene glycol, glyme, diglynie, 
methanol, ethanol. isdpropanol. tert-butanol. dichloromethane, chloroform, benzene, toluene. DMF, and DMSO 
Process 2-4: Compound (Ibc). which is Compound (lb) in which Y is -CR^^-GONH-, and R^ is substituted or urisubsti- 
tuted lower aryl or a substituted or unsubstituted aromatic heterocydic group, can be prepared by the fbltowing reactfon 
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5 



10 




(Iba-b) 

1 ) hydrolysis 

2) R^.NH2 
(Vila) 



30 



35 



40 




(Ibc-a) 



45 (In the formulae, is lower alkyt; is a group other than lower alkanoyl. cyGloalkEUX)yl. lower alkoxycarboriyl, and 
cyano in the definition as R^^; and A, B. R^ , R^, R^, R^, R^a a^d R^®« each has the same meaning as deTmed atx)ve.) 
The lower alkyi in the definition of R^® has the same meaning as defined above. 

Compound (Iba-b), which is Compound (Iba) in which is lower alkoxycarbonyl and R^^ is a group other than 
lower alkanoyl. cycloalkanoyl, lower alkoxycarbonyl, and cyano, can be obtained according to the method similar to the 
so manufacturing method for Compound (Iba-a) described in Process 2-1 , using Compound (II) and Compound (XIII). Fur- 
ther, Compound (Iba-b) can be obtained by reacting Compound (II) with a con^esponding diester of phosphorous acid 
treated with a base in an inert solvent at the temperature between -1 OC'C and the boiling point of the empk^ed solvent 
for 5 minutes to 48 hours. 

Examples of the inert solvent are THF, dkixane, diethyl ether, ethylene glycol, triethylene glycol, glyme, diglyme, 
55 methanol, ethanol, butanol, isopropanol. dichtoromethane. chloroform, benzene, toluene. DMF, and DMSO. 

Examples off the base are sodium hydroxide, potassium hydroxide, sodium methoxide. potassium ethoxide. sodium 
hydrkJe, potassium hydride, butyl lithium. LDA, potassium tert-butoxide, tnethylamine, diisopropylethylamine. trit>- 
utylamine. dicydohexylmethyiamine, N-methylmorphorine, N-methylpiperidine. DBU, and DBN. 

Compound (Ibc-a), which is Compound (Ibc) in which R^^ is a group other than lower alkanoyl. cydoalkanoyi, lower 
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aIkoxycart>onyt, and cyano, can be obtained according to the method described in Process 1-9 in which Conpound 
(lae-ab) is obtained from Compound (X), using Compound (iba-b) and Compound (Vila). 

Process 2-5: Compound (Ibd), which is Compound (lb) in which Y is -CR^^, r24 and R^^« are combined to lorn a single 
bond, and is substituted or unsut>stituted aryl, or a sidsstituted or unsii>stituted aromatic heterocyclic group, can be 
5 prepared by the fbllowing reaction steps: 



10 



IS 



20 



25 



30 




bromination 




(Iba-aa) 



(XIV) 



dehydrobromination 



35 



40 




(In the formulae, A. B, R\ r2, r3, r^, and R^ each has the same meaning as defined above.) 

Compound (XIV) can be obtained by treating Compound (Iba-aa), which is Compound (Ite-a) in which R^®" and 
R are both hydrogen, with a brontinating agent In an inert solvent at the temperature between -1 00**C and the boiling 
point of the employed solvent for 5 mirujtes to 10 hours. 

Exarrples of the inert solvent are THF, dioxane. diethyl ether, ethylene glycol, triethylene glycol, glyme. diglyrne. 
methanol, ettianol. isopropanol. tert-butanol, dichloromethane, chloroform, benzene, toluene, DMF. and DMSO. 

Examples of the brominating agent are bromine, tetrabutylammonium tribromide. tetramethytammonium tribro- 
mide, pyridinium tn'bromide. NBS. and copper bromide. 

Compound (Ibd) can be obtained by treating Compound (XIV) with a base in an inert'solvent at the terrperature 
t>etween -100'C and the boiling point of the employed solvent for 5 minutes to 10 hours. 
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35 



Exanples of the inert solvent are THF. dibxane, cBethy! ether, ethylene glycol, triethylene glycol, glyme, diglyme. 
methanol, ethanol. Isopropanoj. tert-butanol. dichloromethane. chlorofbnm. benzene, toluene. DMF. and DMSO. 

Examples of the k>ase are potassium hydroxide, sodium ethoxide, sodium methoxide. potassium tert-butoxide. and 
sodium amide. 

Manufacturing method 3: Compound (Ic). which is Compound (I) in which D is (iii) a bond, and is substituted or 
unsubstituted aryl. or a substituted or unsubstituted aromatic heterocyclic group, can be obtained by the following proc- 



IS o3 



20 




metal halide or 
boron compound 



am 




25 



(XV) 



40 



45 




SO (In the formulae. U and independently represent iodine, bromine, or chlonne; and A. B. R\ R^. R^. R^, and R^ each 

has the same meaning as defined above.) 

Examples of the metal halide are all^n halides such as tributyttin chloride and trimethyttin chloride, and zinc hal- 

ides such as zinc chloride, zinc bromide, and zinc iodide; and examples of the boron compound are trimethoxy boron. 

phenylboric acid, and boric acid. 
55 Compound (llg) can be obtained by treating Compound (llf) with a base in an inert solvent at the temperature 

between -100*'C and room temperature for 5 minutes to 10 hours, followed by reaction with a metal halide or a boron 

compound at the temperature between -100'*C and the boiling point of the employed solvent for 5 minutes to 30 hours. 
Examples of the base are sodium hydroxide, potassium hydroxide, sodium methoxide, potassium ethoxide. sodium 

hydride, potassium hydride. t>utyl lithium. LDA, potassium tert-butoxide. triethylamine, diisopropylethylamtne. trib- 
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utylamine. dicydohexylmethylamine. N-methylmorphorine. N-methytplperidine, DBU, and DBN 

Examples of the inert solvent are THF. dioxane. diethyl ether, ethylene glycol, triethylene glycol, glyme. diglyme. 
methanol/ethanol. butanol, isopropanol. dichloromethane, chloroform, benzene, toluene. DMF. and DMSO. 

Compound (Ic) can be obtained by reacting Compound (llg) with Compound (XV) in the presence off a catalytic to 
largely excess amount off a paHadium complex In an inert solvent at the temperature between room tenperature and 
the boiling point of the employed solvent for 5 minutes to 30 hours. Moreover, a salt such as lithium chloride, or an oxi- 
dizing agent such as silver oxide may be added, if necessary. 

Examples of the inert solvent are THF, dioxane. diethyl ether, dichloromethane. chloroform, benzene, toluene, 
dimethyiacetamide (DMA), DMF, and DMSO. 

pie intemiediates and the desired compounds in the processes described above can be isolated and purified by 
purification methods conventionally used in organic synthetic chemistry, for example, filtration, extractioh. washing, dry- 
ing. concentration, recrystallization. and various kinds of chromatography. The intermediates may also be subjected to 
the subsequent reaction without isolation. 

Conrpounds (I) can exist in the form of stereoisomers such as geometrical Isomers and optical isomers, and the 
present invention covers all isomers induding these isomers and nriixtures there^^ 

In the case wfiere a salt of Compound (I) is desired and it is produced in the form of the desired salt, it can be sub- 
jected to purification as such. In the case where Compound (I) is produced in the free form and its salt is desired. Com- 
pound (I) is dissolved or suspended in a suitable solvent, followed tiy addition of an add or a base to fbrm a saft.* which 
may be isolated arxJ purified. 

Compounds (I) and pharmaceutically acceptable salts thereof may be in the fbrm off adducts with water or various 
solvents, which are also within the scope of the present invention. 

Examples of Compound (I) obtained in the present invention are shown in Tables 1 to 8. 
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Uompa. JNo. 


K 


K 


T>13 


r>12 


T?5 
xv 


1 


H 


H 


H 


H 




2 


H 


H 


H 


Me 




3 


H 


H 


H 


Et 




4 


H 


H 


H 


i-Pr 




5 


H 


H 


H 


CH2C02Et 




6 


H 


H 


H 


CH2C02Et 





* In the Table, Me represents CHa^ Et represents C2H5, and i-Pr 
represents (CH3 )2CH, respectively. 
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Table 1 (continued) 
Compd. No. r1 r2 r13 j^i2 

7 H H H CHzCOgEt 

8 H H H CHgCOzEt 

CI 

9 H H H CH2CO2H -^N 

CI • 

10 H H H CH2CO2H -^N 

11 . H H H CH2CO2H 

12 H H H CH2CO2H -(") 

ei 

13 H H H CH2CO2CH2C6H5 -^N 

CI 

14 H H H CH2CO2CH2C6H5 -^N 
* In the Table, Et represents C2H5. 
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Table 1 (continued) 




Compd. No. 












15 


H 


H 


TT 

rl 


V^xl2'~''-'2»-'il.2'-»&n.5 




16 • 


H 


H 


H 


CH2C02CH2C6H5 




17 


H 


H 


. H 


CH2CON3rCH3 




18 


H 


H 


H 


CH2CONHCH2-<'_j^ 




19 


H 


H 


H 


CHzCONH-^l^ 




20 


H 


H 


H 




c>=' 


21 


H 


H 


H 


CHoCON^NPh 


~& N 

ci^ 


22 


H 


H 


H 







* In the Table, Ph represents C6H5. 
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Table 1 (continued) . 


Compd. No. 








Rl2 


r5 




TT 

H 


TT 

H 


H 


CH2CO2CH2CH2C6H 


CI- 

5 

CI 


24 


H 


H 


H 


wn2Vi'wi>inv.^n2 y 


Cl^ 

a 






XT 
fx 


xl 




— V N 


26 


H 


H 


H 


CHaCONHCHa-^N 


CI 


27 


H 


H 


H 


CHaCOhfHCsHg 




28 


H 


. H 


H 


CH2CONHCH2 -^^OMe 




29 


H 


H 


H 


CH2CONHCH2 -^^F 


Cl^ 


30 


H 


H 


H 


CH2CONHCH2 -^^ci 





* In. the Table, Me represents CH3. 
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Table 1 (continued) 



Compd. No. r2 j^13 r12 

31 H H H CH2CONI 

32 H H H CH.C 



33 H single bond H 

34 CN single bond H 

35 COCsHs single bond H 

36 n-Bu single bond H 

37 CH2C6H5 single bond H 

38 ^'X^^ single bond H 

39 -^N 

single bond H 

40 single bond 

41 -vv single bond 



H 



H 



R5 




CI 


cr 


a 




CI 








Cl*^ 




^« 








a 















In the Table, n-Bu represents (CH2)3CH3. 
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Table 1 (continued) 



Compd.No. r1 r2 r13 jj12 j^s 

; 42 H single bond CgHs 

CI. 

43 H single bond CH2C02Et -G^ 

cr 

CL 

44 H single bond CH2CO2H 

' CI 

* In the Table, Et represents C2H5. 
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Table 2 
OMe 




Compd.No. r2 R*^ ^ ^18 ^19 ^5 



45 Me Me 

46 Me Me 

47 Me Me 

48 Me Me 

49 Me Me 

50 Et Et 

51 Et Et 

52 -(CH2)4- 

* In the Table, Me represents CHs^ Et represents C2H5, and Ph 
represents CgHs, respectively. 



H H 



H H 



H H 



H H 



H H 



H H 



H H 



H Ph 



CH2 H 
CHjj H 



H 



H 



H H CHo H H 



CH2 H H -H^N 
CI 

CH2 H H -^N 
CH2 H Ph -^N 
S H H "O" 



Hp" 



cr 

-C" 

CI 
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Table 2 (continued) 



Compd.Nit). r2 r12 x R^^ R^^ 



53 


. -(CHaX 


1- 


H 


H 


CH2 


H 


H 




54 . 


-(CH2)£ 




H 


H 


CH2 


H 


H 


Cl^ 


55 


-(CH2)5 




H 


H 


CH2 


H 


Ph 




56 


H 


H 


H 


Me 


CH2 


H 


H 




57 


H 


H 


H 


Me 


CH2 


H 


H 




58 


H 


H 


H 


Me 


CH2 


H 


Ph 




59 


H 


H 


H 


Me 


S 


H 


H 




60A 


H 


H 


H 


Me 


S 


H 


Ph 


-o> 


60B 


H 


H 


H 


Me 


S 


H 


Ph 




61 


H 


H 


H 


Me 


NH 


H 


H 




62 


Me 


Me 


H 


H 


CH2 


H 


OMe 





* In the Table, Me represents CH3 arid Ph represents C6H5, respectively. 
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Table 2 (continued) 



Compd.No. Ri r2 r13 ^12 x R^^ R^ 



63 


Me Me H 


H 




H 


CN 




64 


-(CH2)4- H 


H 


CHz 


H 


CN 




65 


-(CH2)4- H 


H 


CH2 


Me 


CN 




66 


— single bond 


H 






Ph 





* In the Table, Me represents CH3 and Ph represents CgHs, respectively. 
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/~t J XT— 

Oompd. No. 


T>1 

R 


•r.2 
R"^ 


T>13 


T>12 


Y 




R^ 


67 


Me ; 


Me 


H 


H 


CH 


H 


CI 


68 


Me 


Me 


H 


H 


CH 


H 




69 


Me 


Me 


H 


. H 


CH 


Me 




70 


Me 


Me 


H 


H 


CH 


Ph 




71 


Et 


Et 


H 


H 


CH 


H 




72 


Et 

r 


Et 


H 


H 


CH 


H 




73 


-(CH2)4 




H . 


H 


CH 


H 




74 


-(CH2)4- 




H 


H 


CH 


H 





* In the Table, Me represents CH3, Et represents C2H5, and Ph 
represents CeHs, respectively. 
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Table 3 (continued) 



Compd. No. 




R2 




Rl2 


Y 


Rl9a 


r5 


75 


-(CH2)4- 


H 


H 


CH 


Me 




76 


-(CH2)5- 


H 


H 


CH 


H 


N 


77 




H 


H 


CH 


H 




78 


H 


H 


H 


Me 


CH 


H 




79 


H 


H 


H 


Me 


CH 


H 


/: — :\ 


80 


H 


H 


H 


Me 


CH 


Ph 




81 


Ph 


single bond 


H 


CH 


H 




82 




single bond 


H 


CH 


H 




83 




single bond 


H 


CH 


H 




84 




single bond 


H 


CH 


H 




85 




single bond 


H 


CH 


H 





* In the Table, Me represents CH3 and Ph represents CgHs, respectively. 
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Table 3 (continued) 



Compd. No. 


r2 




R12 


Y 


Rl9a 


rs 


86 


Me Me 


H 


H 


CCN 


XX 




87 


Me Me 


H 


H 


CCOoEt 


H 




, 88 


Me Me 


H 


H 


CCN 


H 




89 


Me Me 


H 


H 


CCN 


H 


C02Et 


90 


-(CH2)4- 


H 


H 


CHCONH 


H 




91 


-(CH2)4- 


H 


H 


CHCONH 


H 




92 


-(CH2)4- 


H 


H 


CHCONH 


H 


-^COaH 


93 


-(CH2)4- 


H 


H 


CHCONH 


H 


COaMe 


94 


-(CH2)4- 


H 


H 


CHCONH 


H 


CO2H 



* In the Table, Me represents CH3 and Et represents C2H5, respectively. 
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Compd. No. 




R2 


Rl3. 


Ri2 


r5 


95 


Me 


Me 


H 


H 




96 


Me 


Me 


H 






97 


Et 


Et 


H 


H 




98 


Et 


Et 


H 


H 




99 


-(CH2)4- 




H 


H 




100 


-(CH2)4- 




H 


H 




101 


-(CH2)5- 




H 


H 




102 


-(CH2)5- 




H 


H 





In the Table, Me represents CH3 and Et represents C2H5, respectively. 
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Table 4 (continued) 



Gompd. No. 




R2 , 


Rl2 




103 
104 


H 
H 


H H 
H H 


Me 
Me 




105 


H 


-(CH2)4- 


H 




106 


CN 


single bond 


H 




107 


COCgHs 


single bond 


H 




108 


COCgHs 


single bond 


H 




109 


n-Bu 


single bond 


H 




110 


i-Bu 


single bond 


H 




111 


Ph 


single bond 


H 


-C" 


112 
113 




single bond 
single bond 


H 
H 





* In the Table, Me represents CHa^ Et represents C2H5, n-Bu 
represents (CH2)3CH3, i-Bu represents (CHshPUCUz, and Ph 
represents C6H5, respectively. 
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Table 4 (continued) 



Conapd. No. 




r2 r13 


Rl2 


R5 


114 




single bond 


H 




115 




single bond 


H 




116 




single bond 


H 


-V N 


117 




single bond 


H 




118 


H 


single bond 


Ph 




119 


H 


single bond 


CH2C02Et 




120 


H 


single bond 


CHaCOaEt 





* In the Table, Et represents C2H5 and Ph represents CgHs, respectively. 
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Table 5 
OMe 




Compd. No. 


r2 


jjl5 




D 


R* 


121 


Me Me 


single bond 


CONH 


Cl^ 


122 


Me Me 


H 


H 


CONH 


CI j-^ 


123 


-(CH2)4- 


. single bond 


CONH 




124 


-(CH2)4- 


H 


H 


CONH 




125 


-(CH2)4- 


H 


H 


CH=CH 




126 


-(CH2)5- 


H 


H 


CH=CH 




127 


-(CH2)4- 


H 


H 


COCH2 




128 


-(CH2)5- 


H 


H 


COCH2 





* In the Table, Me represents CH3. 
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Table 6 
OMe 




Compd. No. D 

CL 

129 CONH 

130 CONH -^N 

131 CH=CH -^N 

CL 

132 COCH2 -^N 

CI 

133 COCH2 



* In the Table, Me represents CH3. 
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Table? 
OMe 

10 I 

D 



IS 


Compd. No. 


D 


r5 


20 


134 


CONH 


CL 




135 


CONH 




25 


136 


CH2CH2 




30 


137 


CHPhCHg 




35 


138 


CH=CH 






139 


CPh=CH 




40 


140 


C0CHj2 




45 


141 


COCH2 





* In the Table, Me represents CH3 and Ph represents 
CgHs, respectively. 
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Compd. No. 



W 



142 



143 



144 



145 



C 
III 

C 



N* 
I 

O' 



COzMe 



eOzH 



146 



147 



C02Me 



In the Table, Me represents CH3, 



The pharmacological activities of the representative Conrpounds (I) are described in more detail by Test Examples. 
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Test Example 1 Inhibition of the PDE IV Enzyme derived from a Dog Trachea 

cAMP-specific phosphodiesterase (PDE IV) was purified from a dog taacheal srnooth muscle according to the 
method of Torphy et al. [Molecular PharmacoT.. 3L 206-214 (1990)]. The PDE activity was measured by the following 
5 two Steps according to the method of Kincaid and Manganiello et al. [Method In Enzymology (J. D, Corbin and R. A. 
Jonson. Eds.). 199. 457-470 (1988)]. Using [^H]cAMP (at a final concentration of 1 nM) as a substrate, the reaction was 
carried out In a standard mixture containing N,N-bis(2-hydroxyethyl)-2-aminoethanesuffonic acid (50 mM, pH=7.2). 
MgClg (1 mM), and soyt>ean trypsin inhibitor (0. t mg/ml). The reaction was initiated tyy adding the enzyme, followed by 
incubation at 30'C for 10 to 30 minutes. After stopping the reaction with hydrochloric acid, the generated 5*-AMP was 
10 completely decomposed by 5'-nucleotidase. 

The resultant was subjected to chromatography on DEAE-Sephadex A-25, and radio activity of the eluted [^HJ ade- 
nosine was counted using a sdntitlation counter. Each of the test drugs was dissolved in DMSO (final concentration 
1 .7%) and then added to the mixtura 

The results are shown in Table 9. 

IS 



20 



2S 



30 



35 



45 



55 
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Table 9 



Compound No. 


Enzyme Inhibitory Activity (%, lO'^^M) 
- 


2 


77 


3 


75\ -.: 


4 


53 ■ 


5 


85 


6 


66 


7 


37 


8 


5 


9 


22 


11 


6 


12 


.8 


13 


91 


15 


75 


16 


24 


17 


63 


IB 


79 


19 


87 


20 


80 


21 


84 


22 


85 


.24 


80 


25 


85 


26 


79 


27 


75 


28 


83 


29 


85 


30 


8!S 


31 


89 


32 


81 


33 


71 


34 


100 . 


36 


87 


38 


89 


39 


77 
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Table 9 (continued) 



Compound No. Enzyme Inhibitory Activity 10~^M) 



10 



20 



25 



30 



45 



40 


89 


41 


58 


42 


63 


43 


62. 


45 


74 • 


47 


68 


48 


41 


49 


40 


50 


69 


51 


67 - 


52 


86 


53 


84 


54 


81 


55 


86 . 


59 


" ■ ■ 24 


60A 


15 


60B 


4 


62 


45 


63 


85 


64 


78 


65 


74." 


66 


49 


DO ■ 


80 


70 


68 


71 


87 


74 


13 - - . 


'^^ 


■ • 72< 


76 


93 ■ 


77 


87 


79 


45i ' ■ 


. 80 . 


17 , 


81 


69 . 


83 , 


■ . . .85 •■ - . . 
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Table 9 (continued) 



Compound No. Enzyme Inhibitory Activity (%, 10 ^M) 



84 


o J 


85 


O / 


87 


d1 


89 


33 


93 




97 




Bo • 




. 


Ql 


1 fifi 
X%J\J 




J. l/Z 


7<>/ 




H O 




RA 
oo 




DO 


IK) / 


oo 






1 1 n 


o w 


111 

ill 


oil ■ 


114 




lib 




117 


07 


118 


OA ■ 

oU 


121 


85 


122 


92 


124 


57 


125 


71 


126 


68 


127 


71 


128 


62 


131 


51 


132 


66 


136 


71 


137 


61 


139 


54 


142 


76 
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Tesl Example 2 Suppression of Passive Suhults-Dale Response in Guinea Pig Bronchial Smooth Muscle . . 

For passive sensitization, rabbit anti-ovalbumin serum prepared by the nietHod of Kohda at al. [Nichiyakurishi. 66,. 
237 (1970)] was peritoneally administered to male Hartley guinea pigs weighing 350 to 500 g, and 24 hours later the 
tracheae thereof were* removed to be used for the experiment Zig-zag strips were prepared from the tracheae in 
accordance with the method of Emmerson and Mackay [J, Pharm. Pharmacol.. 31. 798 (1979)], and they were sus- 
pended in a Krebs-Henselett solution with aeration of a mixture of 95% oxygen and 5% cartxjn dioxide at ST'C. After 
stabilizing tor approximately one hour, ovalbumin, as the antigen, was added to the mixture (at a final concentration of 
1 M-m/ml). and the constriction of the muscle was recorded by a recorder (TYPE 3066; >bkDkawa Hokushin Denki) via 
an isotonic transducer (TD-112S; Nippon Kbden). A test compound was cumulatively added to the mixture after the 
constriction had reached the plateau, and the relaxation ratio was determined. The concentration (IC50) causing 50% 
relaxation was cateulated by linear regression analysis. The IC50 value of Compound 68 of the present invention was 
1.6>iM. 

Test Exanple 3 Suppression of Histamine-lnduced Bronchbconstriction Response in Guinea Pig 

This test was earned out by a nrodified Kbnzett and ROssler method. Under anesthesia with urethane (1 .2 g/kg, ip). 
male Hartley guinea pigs (body weight: 500 to 600 g) were fixed on plates by strings. After undertaWrig a tracheotomy] 
cannulae were inserted to the tracheae, right carotid arteries, and left cervk^l veins. The spontaneous respiration of 
the guinea pigs was stopped by the admirastration of gallamte (10 mg/kg) from the left cervical veins via the cannulae. 
The cannulae inserted into the tracheae were connected to a bronchospasm transducer (Ugo Basile) and a respirator 
(TB-1 01 , Tatashima-shotea 60 to 70 strokes/minutes, output: 5 cc) and the air overf tow volume was recorded by a pol- 
ygraph (RM-45, Nippon Kbden) to measure the amount of kxonchoconstrictjon. For measuring blood pressure, the can- 
nulae inserted in the right carotid arteries were connected to a blood-pressure transducer. Constant 
bronchoconstriclion occurred when histamine (10 fiM/kg. iv) was administered at 3 minutes intervafs. and the induced 
bronchoconstriction was used as the control. A test connpound was intravenously administered, and one minute later 
histamine (0.3 mg/kg, iv) was administered. The test compound was cumulatively administered at 5 minutes intervals, 
and the bronchoconstriction in control and that after the administration of the test compound was compared. 

In this test, the ED50 value (50% effective dose) of Compound 68 was 0.076 mg/kg in the case of intravenous 
administration. 

Test Exanfple 4 Effect on Anaphylactic Bronchoconstrictton.Response 

For passive isensibzation. 1 ml of rabbit anti-ovalbumine serum was peritoneally administered to male Hartley 
guinea pigs, and 16 to 24 hours later, ovalbumine was intraverwusly administered as the antigen. The induced anaphy- 
lactic bronchoconstriction was measured by the modified Konzett and ROssler method. Each of the tracheal cannulae 
was completely dosed at the end of the measurement and the measured constriction was defined as the maximum 
constriction. Changes in the constriction were measured as percentage in the maximum constrictton. The area under 
the curve (AUC) indicating the strength of the response was calculated by an tmajge analyzer (MCID system, imaging 
Research Cornpany), The test conpound was orally administered one hour before the antigen administration, and the 
ED50 value of each drug was calculated from the AUC suppression ratto by linear regression analysis. 

In this test the EDso value (50% effective dose) of Compound 1 00 was 0,53 mg/kg by oral administration. 

Although Compound (0 or jiihaimnaceutically accept^le salts thereof may be administered as they are. it is usually 
desirable to provkle them in the form of various pharmaceutk^ preparations. Such pharmaceutical preparations may 
l>e used for animals and human beings- 

The pharmaceutical preparations in accordance with the present invention may contain Compound (I) or a pharma- 
ceutically acceptable salt thereof, as an active ingredient, either solely or as a mixture with other therapeutically effec- 
tive components. The pharmaceutical preparations may be prepared by any means which are well known in the 
technical field of pharmaceutics after nv'xing the active Ingredient with one or more pharmaceutically acceptable carri- 
ers. 

It is desired to use the administratbn route which is the most effective in therapy such as oral route or parenteral 
route which includes intrabuocal, intratracheal, intrarectal, subcutaneous, intramuscular, and intravenous administra- 
ttons. 

Examples of the dosage form are nebulae, capsules. tat>lets. granules, syrups, emulsions, suppositories, injections, 
ointments, and tapes. 

Liquid preparations suitable for oral administration such as emulsions and syrups can be prepared using water; 
sugars such as sucrose, sort)itol, and fructose; glycols such as polyethylene glycol and propylene glycol; oils such as 
sesame oil. olive oil, and soybean oil; preservatives such as p-hydroxybenzoate; flavors such as strawberry and pep- 
permint; and the like. (Capsules, tatrfets. powders, granules, and the like can be prepared using exdpients such as lac- 
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tose. glucose, sucrose, and mannitol: disintegrators such as starch and sodium alginate; lubricants such as magnesiurh 
stearate and talc; binders such as polyvinyl alcohol, hydroxypropyl cellulose, and gelatin; surfactants such as fatty acid 
esters; plastidzers such as glycerin; and the like. 

Preparations surtat>le for parenteral administration comprise sterilized aqueous preparations of the active com- 
pourid which are preferably isotonic to the blood of the patient. For example, a solution for injection is prepared using a 
carrier such as a salt solution, a glucose solution, or a mixture of a salt solution and a glucose solution. Preparations 
for intrarectal administration are prepared using a carrier such as cacao fat. hydrogenated or a hydrogenated car- 
boxyllc acid. arKi provided as suppositories. Nebulae are prepared using an active compound per se or with carriers 
which can disperse the active compound as f vie particles to facilitate absorption without stimulating oral or respiratory 
mucosa. Practical examples of the carrier are lactose and glycerin. Preparations such as aerosols and dry powders can 
be used depending upon the properties of the active compound and the employed carriers. 

These parenteral preparations may also contain one or more auxiliary components selected from diluents, flavors, 
preservatives, excipients. disintegrators, lubricants, binders, surfactants, and plasticizers, all of which are mentioned in 
the above oral preparations. 

The effective close and the administration schedule of Compounds (0 or pharmac^cally acceptable salts thereof 
may vary depending upon the administration route, age and body weight of a patient, ani^ the type or degree of tiie dis- 
ease to be treated, but usually, in the case of oral administration, the effective compound is administered in a dose of 
0.01 mg to 1 g. preferably. 0.05 to 50 mg/|>erson/day at one time or in several parts. In the case of parenteral adminis- 
tration such as intravenous irjection, the effective compound is administered in a dose of 0.001 to 100 mg, preferably. 
0.01 to 10 mg/person/day at one time or in several parts. These doses should, however, vary depending upon various 
conditions as given above. 

Certain embodiments of tiie present invention are illustrated in the following examples and reference examples. 
Best Mode fo r Carrvino Out tiie Invention 
Example 1 

4-(3«5'Dichloro-4i3yridyianfiinocartx>riyO-7HTiethoxy-2,3<iih^ (Compound 1) 

A mixture of Compound llw (0.61 g) obtained in Reference Example 23. thionyl chloride (3.6 ml), and dlchtorometh- 
ane (3.6 ml) was heated under reflux for 40 minutes. After being allowed to stand for cooling, the solvent was distilled 
off and ttie residue was dissolved in dry toluene. The sovent was distilled off under reduced pressure for removal of the 
residual tiiionyl chloride to give a crude acid chloride. 

4-Amino-3.5-dichlorDpyridine (0.73 g) was dissolved in THF (7 ml) and sodium hydride (360 mg) was added thereto 
under ice-cooling, followed by stirring at room temperature for 15 minutes, and then the mixture was again cooled with 
ice. A solution of the crude acid chloride obtained above in THF (5 ml) was dropwise added to the mixture under ice- 
cooling, followed by stining for one hour urvJer ice-cooling. The reaction mixture was extracted with ether. The organic 
layer was vifashed with a saturated saline and dried over anhydrous magnesium suKate, and tiie solvent was distiDed off 
under reduced pressure. The residue was recrystalfized from etiiyl acetate to give Compound 1 (0.60 g, 48.0%) as a 
white solid. 

Melting point: 196-197 «C ' 

NMR{DMSO-d6. 5. ppm): 3.43(t. J=9-3Hz, 2H), 3.86{s, 3H), 4.57(t, J=9.3Hz. 2H}, 7.00(d. J=8.8H2. 1H), 7.49(d, 

.J=8.8Hz. 1H).8.72(s.2H), 10.3(S,1H) ^ 

MASS(nVe):338(M*) 

IR(KBr. cm-^ 1650. 1490. 1280 



Elemental analysis: C^^-^z^'^^h 


Found (%) 
Calcd.(%) 


C:53.14. 
C:53.12, 


H:3.50. 
H:3.57. 


N:8.06 
N:8.26 
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Example 2 

(dt}-4-(3,5-Dk:hlor6-4-pyridytarrttnocarfoony^ (Compound 2) 

Substantially the same procedure as in Example 1 was repeated using Conpound llx (0.116 g) obtained in Refer- 
ence Example 24 to give Compound 2 (0.1 45 g, 74%) as a white solid. 

Melting point: 1 98-200 ""C (solidified by water) 

NMR(CDCl3. 6. ppm): 1.32(d, J=8.4H2, 3H), 3.96(s, 3H), 3.98-4.1 2{m, IH), 4.38(dd. J=9.3. 3.4H2, 1H), 4.62- 
4.77(m. 1H). 6.84(d, J=9.7Hz, 1H). 7.35(d, J=9.7Hz, 1H), 7.57-7.68(brs, 1H), 8.57(s. 2H) 
IR{KBr, cm"^): 1670, 1490. 1283 
MASS(m^z): 353(M*) 



Elemental analysis: C16H14CI2N2O3 


f=6und(%) 
Calcd.(%) 


C:54.53. 
C:54.41, 


H:3.89. 
H:4.00, 


N:7.83 
N:7.93 



Example 3 

(±)-4-(3,5-Dlchtoro-4-pyridyianfiinocartK)nyq-3-ethyl-7-methaxy-2,3-dihydro^ (Compound 3) 

Substantially the same procedure as in Example 1 was repeated using Compound Jly (0.222 g) obtained In Refer- 
ence Exanriple 25 to give Conripound 3 (0.1 70 g, 46.3%) as a white solid. 

Melting point: 202-204 ""C (ethanol) 

NMR(CDCl3. 6. ppm): 0.91(t, J=8.0Hz, 3H), 1.47-1.88 (m,2H), 3.85-4.05(m, IH), 3.95(s. 3H). 4.47-4.72(m. 2H). 
6.85{d, J=9.7Hz. 1 H). 7.35{d, J=:9.7H2. IH), 7.50-7.69(brs. 1 H), 8.59(s, 2H) 
IR(KBr, cm ^): 1668. 1488, 1280 
MASS(nVz):367(M+) 



Elemental analysis: CiyHtBCIaNaOa 


Found (%) 
Calod.(%) 


C:55.58, 
C:55:60. 


H:4,34, 
H:4.39. 


N:7.56 
N:7.63 



Example 4 . 

(±]-4-(3,5-Pichloro-4-pyndylanrunocarbonyO-7-methoxy-3-(2-pro^ (Compound 4) 

. Substantially the same procedure as in Example 1 was repeated using Compound llz (0.160 g) obtained in Refer- 
ence Example 26 to give Compound 4 (0.15 g, 58%) as a white solid. 

Melting point: 239-241 •C 

NMR(DMS<>d6. PPf^)' 0.60(d. J=7.5Hz. 3H). 0.89(d. J=7.1Hz. 3H), 1.98-2.15(m, IH). 3.80-3.91(m. IH). 3.85{s. 
3H). 4.3&-4.60(m, 2H). 7.01(d. J=9.4Hz. 1 H), 7.40(d. J=9.4Hz. IH), 8.75(8. 2H). 10.48(s, IH) 
IR(KBr. cm'^): 1650. 1490. 1280 
MASS(nVz):381(M*) 
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Elemental analysis: C18H18CI2N2O3 


5 


Found (%) 


C:56.56. 


H:4.80, 


N:7.26 




Calcd.(%) 


0:56.71. 


H:4.76. 


N:7.35 



Exannple 5 

(±)-4-(3,5-Dichloro-4ijyridylaminocartx)nyO-3-ethoKycart>onylm (ConpoundS) 

IS Substantially the same procedure as in Example 1 was repeated using CJompound llaa (0.1 72 g) obtained in Ref- 
erence Example 27 to give Compound 5 (0.131 g, 52%) as a white solid. 

Melting point: 186-188 "C (ethanol) 

NMR(CDCl3. 6. ppm): 1.22(t, J=7.6H2. 3H), 2,52(dd, J=16.9. 11.8Hz, 1H), 2.94-3.12(m, 1H). 3.97(s. 3H), 4.l1(q, 
J«7.6Hz. 2H). 4.24-4.41(m, 1H), 4.59(dd. J=10.1, 4.2Hz, 1H). 4.70-4.83(m. 1H). 6.88(d. J=9.3Hz. 1H), 7.37(d! 
J=9.3Hz. 1H), 7.58-7.72(brs, 1H). 8.58(s. 2H) 
IR(KBr, cm-^): 1722, 1662, 1493, 1285 
MASS(nV2): 425{M+) 



20 



25 



30 



Elemental analysis: Ci9H^8Cl2N205 


Found (%) 
Calcd.(%} 


0:53.65. 
0:53.66, 


H:4.11, 
H:4.27, 


N.-6.59 
NS.59 



Example 6 

(+)-3-Ethoxycaft>onylmethyl-7-methQxy-4i3yridytaminocarbony1-2.3Kiihydrobe^^ (Compound 6) 

Substantially the same procedure as in Example 1 was repeated using 4-aminppyridine instead of 4-amtno-3.5- 
dichloropyridine and using Compound ilaa (4.00 g) obtained in Reference Example 27 to give Compound 6 (4.77 g. 
40 94%) as white crystals. 

MeWng point: 177 "^C 

NMR(DMSO-d6, PPm): 1.14(t 3H. J=7Hz). 2.56-2.46 (m. 1H), 2.79(dd. 1H, J=3Hz. I6H2), 3.88(s. 3H). 4.04(q 
2H. J=7Hz), 4.36-4.1 6(m, 1H)4.47(dd. 1H. J=4Hz, 9Hz), 4.64(t. 1H, J^BHz), 7.08(d, 1H, J=9Hz). 7.65(d 1h' 
45. J=:9Hz), 8.35(d,2H.J=8Hz),8-74(d.2H,J=7Hz), 11.64(s,1H) 

IR(KBr, cm-^): 1697, 1614. 1506. 1471,1269 • . 

MASS(m/e):401(M*) 



Elemental 






analysts: 


O19H20N2O5 


•1Ha*0.5H2O 




Found (%) 


0:56.79, 


H:5.52. 


N.-6.97 


Calcd. (%) 


0:57.05, 


H:5.50. 


N£.99 



48 



EP0 771 794A1 



Example 7 

(iO-3-EthQxycarbonylmethyl-7-methQxy-4-phenytamino^ (Compound 7) 

Substantially the same procedure as in Example 1 was repeated using aniline instead of 4-amino-3.5HiichIoropyii- 
dine and using Compound llaa (0.50 g) obtained in Reference Example 27 to give Compound 7 (0.59 g. 92%) as a 
white solid. 

Melting point: 169-170 "C 

NMR(CDCl3, 6, ppm): 2.22(t 3H. J=7H2), 2.51(dd. 1H;J=11Hz. 17Hz). 3.08(dd. 1H. J=3Hz, 17Hz). 3.93(s. 3H), 
4:11(q. 2K J=7H2). 4.39-4.29(m. 1H), 4.55 (dd, 1H. J=3Hz. 9H2), 4.75(t, 1H, J=9H2), 6.82(d. 1H, J=9Hz). 7.20- 
7.12 (m, 3H). 7.36(d. 1H. J=9H2). 7.40(s. 1 H), 7.58(d. 2H. J=8Hz). 7.72{s. 1H) . 
IR(KBr, cm-^): 3305. 1722, 1645, 1286. 1194 
MASS(m/e): 355(M*) 



Elemental analysis: C20H21NO5 


Found (%) 
Calod. (%) 


C:67.59, 
C«7.72, 


H:5.96. 
H:5.98, 


N:3.94 
N:3.9S 



Examples 

(+)-4-Cydohexylanwiocarbonyl-3-ethc»cycarbonylmethyl-7-metho^ (Corrpound 8) 

{Substantially the same procedure as in Example 1 was rjspeated using cydohexylamine instead of 4-amino-3,5- 
dichloropyridine and using Compound llaa (0.60 g) obtained in Reference Example 27 to give Compound 8 (0.68 g. 
87%) as a wfiite sofid. 

ly/leWng point: 197-199 *C 

NMR{CDCl3. 6. ppm): 1.24(t. 3H, J=7Hz), 1.49-1.29(m. 5H). 2.17-2.00(m. 5H). 2.47(dd. 1H. J=11Hz, 17Hz). 
3.G7(dd, 1H, J=3Hz. 17Hz). 3.90(s. 3H), 4.13(q, 2H. J=7Hz). 4.31-4.23(m, 1H), 4.53(dd, 1H, J=3Hz. 9Hz), 4.72(t. 
1 H, J=9Hz). 5.87 (d, 1 H. J=8Hz). 6.75(d, 1 H. J=8Hz). 7.01 (d, 1 H, J^Hz). 7.27(s, 1 H) 
IR(KBr. cm^^): 3284, 1726, 1718, 1624. 1541, 1524. 1284 
MASS(m/e):361(M+) 



Elemental analysis: C20H27NO5 


Foufid (%) 
Calcd.(%) 


C«6.46, 
C.'66.38. 


H:7.53. 
H:7.75, 


N:3.88 
N:4.0p 



Example 9 

(±)-3-Caib0(xymethyl-4-(3,5-dichloro-4-pyiidylanunoc^ 9) . 

Compound 5 (0.329 g) obtained in Example 5 was mixed with a 2N aqueous solution of sodium hydroxkie (6.6 ml), 
followed by stirring at room temperature for one hour. Under ice-coolir^. the reaction mixture was adjusted to pH 2 by 
adding hydrochloric acid, and then the predpitated solid was collected by fittratioa The obtained crude product was 
reaystallized from ethanol to give Compound 9 (0.302 g. 98%) as a white solid. 

Melting point: 259-263 *C 

NMR(DMSO-d6, PPm): 2.40(dd, J=14.5, 8.9Hz, 1H). 2.70-2.89{m. 1H). 3.86(s. 3H), 4.03-4.21(m. iH). 4.34- 
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4.49(m. 1H), 4.55-4.74(m. 1H), 7.04(d. J=8.4Hz. 1H), 7.49(d, J=8.4Hz, 1H). 8.75(s. 2H). 10.51(s, 1H), 12.17- 
12.49(brs. 1H) 

IR(KBr. cm-^): 1713. 1663. 1490. 1288 
MASS{m/2): 397(M+) 



Elemental analysis: C17H14CI2N2 O5 - O.5C2 
HgO-O.SHgO 



Found (%) 
Calcd.{%) 



C:50.49, 


H:4.37. 


N:6.31 


0:50.37. 


H:4.23. 


N.-6.53 



ExanplelO 

(±)-3-Carboxymethyl-7-methG0(y-4-pyridylaminocarbonyl-2.3-d (Compound 10) 

Substantially the same procedure as in Example 9 was repeated using Compound 6 {4.00 g) obtained in Exanple 
6 to give Compound 10 (2.79 g. 76%) as a white solid. 

Melting point: 227-233 "C 

NMR(DMSO<J6. 6. ppm): 2.41 (dd, 1H. J«6H2. 17H2), 2.72(dd, IH. J=3Hz. 17Hz), 3.88(s. 3H). 4.20-4. 10(m. 1H), 
4.45{dd. 1 H. J=4Hz, 9H2). 4.64(t IH. J«9Hz). 7.08(d, IH, J=9Hz). 7,42(d. 1 H. J=9Hz), 8.30(d. 2H. J»7Hz). 8.72(d. 
2H. J=7Hz), 1 1 .53(8. 1 H). 12.35(brs, 1 H) 

IR(KBr. cm*^): 3300(br), 2770(br). 1716. 1698. 1614, 1S08. 1477. 1271 
MASS(nVe):390(M*) 



Elemental analysis: 




C17H16N2O5 • HCI • O.2C2H6O • HgO 


Found (%) 


C:53.56. 


H:5.17, 


N:7.18 


Calcd.(%) 


C:53,63, 


H:5.11. 


N:7.11 



Example 11 

(±)-3-Cart)oxymethyl-7Hfnethoxy-4i3henyiaminocarbonyl-2,3KJihydroben2of ura^ (Compound 11) 

Substantially the same procedure as in Example 9 was repeated using Compound 7 (0.43 g) obtained in Exanple 
7 to give Compound 11 (0.37 g. 94%) as a white solid. 

Melting point: 248-251 ''C 

NMR(DIWISO-d6, 6.ppm):2.38(dd. 1H.J=11Hz. 17Hz). 2.78(dd. IH, J=2Hz. ITHz). 3.84(s. 3H). 4.18-4.11(m. IH). 

4.40(dd. IH. J=4Hz. 9Hz). 4.64(t. IH. J=9Hz). 6.99(d. IH. J=8Hz). 7.09(t. IH. J=7Hz). 7.36-7,30(m. 3H). 7.72(d. 

2H, J:r8H2). 10.15(3. IH), 12.31(brs. 1H) 

IR(KBr. cm-^): 2900(br). 1709. 1645. 1595. 1506, 1442. 1286 

MASS(m/e): 327(1^) 



Elemental analysis: Ci sH^ 7NO5 


Found (%) 
Calcd.(%) 


C£6.05. 
C.-65.82. 


H:5.23. 
H:5.20, 


N:4.28 
N:4.22 
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Example 12 

(±)-3-Carbaxymethyl-4K:yck>hexylamlnocartx>nyl-7-^ 

Substantially the same procedure as in Example 9 was repeated using Compound 8 (0.47 g) obtained in Example 
8 to give Compound 12 (0.40 g, 95%) as a white solid. 

Melting point: 246-247 •C 

NMR{DMSO-d6. 6, ppm): 1.36-1.06(m, 5H), 1.86-1.53(m. 5H). 2.31 (dd. 1H, J^IIHz, 17H2). 2.76(dd. 1H. J=2Hz. 
17H2),3.7S3.69(m. 1H). 3.80(s. 3H). 4.13-4,06(m. 1H). 4.36(dd. 1 H, J=4Hz. 9Hz). 4.59 (t 1H, J=9Hz), 6.89(d, 1H, 
J=9Hz). 7.13(d, 1H. J,=9Hz), 8.06(d, 1H, J=8Hz). 12.31(brs. 1H) . 
IR(KBr, cm-^): 3410, 3134(br), 1727. 1546, 1282 
MASS(m/e): 333(M*+1) 



Elemental analysts: C18H23NO5 


Found (%) 
Calcd.(%) 


C«4:85, 
C:64.99, 


H:6.95, 
H:7.08, 


N:4.20 
N:4.28 



Example 13 

(±)-3-BenzylQxycarbonylmethyl-4-(3,5-dichloro-4-pyridylanfWocart)on^ (Com- 
pound 13) 

Compound 9 (0.291 g) obtained in Example 9 was dissolved in dichloromethane (2.9 ml) and thionyl cWoride (1 .5 
ml) was added thereto, followed by stim'ng at room temperature ibr one hour. The solvent was distilled off under reduced 
pressure, the residue was again dissolved in toluene, and the solvient was distilled off under reduced pressure. Benzyl 
alcohol (2 ml) was added to the residue followed by heaiting under reflux for 30 minutes. The reaction solution was con- 
centrated and the residue was recrystallized from ethanol to give Compiound 13 (0.304 g, 85.2%) as a white solid. 

Melting point: 198-205 "^C 

NMR(DMSO-d6. 6. ppm): 2.43-2.68(m. 1H). 2.80-3.01(m. 1H). 3.85(s, 3H). 4.10-4.27(m. 1H), 4.39-4.75(m, 2H), 
5.08(s, 2H). 7.05(d. J=9.5Hz. 1H). 7.24-7.43(m, 5H). 7.50(d, J=9.5Hz. 1 H), 8.77(s. 2H), 10.50{s. 1 H) 
IR(KBr. cm-^): 1722. 1668. 1490, 1288 
MASS(m^z): 487(M+) 



Elemental analysts: C24H20CI2N2O5 


Found (%) 
Calod.(%) 


C:59.32. 

0:59.15, 


H:4.00. 

H:4.14. 


N:5.72 

N:5.75 



Example 14 

(±)-3-BenzylQxycarbonylnfiethyl-7-methaxy-4-pyrkJylan™noc^ (Compound 14) 

Sut>stantially the same procedure as in Example 13 was repeated using Compound 10 (0.12 g) obtained In Exam- 
ple 1 0 to give Compound 1 4 (0.07 g, 53%) as a white solid. 

Melting point: 165-166 "C 
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NMR(CDCl3. 6. ppm): 2.60(dd, 1H, J=10H2. 17Hz). 3.06 (dd. 1H. J=3H2. 17H2). 3.94(s. 3H), 4.40-4.33(m, 1H). 
4.57(dd, 1H, J=4Hz. 10Hz), 4.74{t 1H, J=9Hz). 5.10(s. 2H). 6.82(d. 1H. J=9Hz). 7.16(d. 2H, J=9Hz), 7.38-7.28(m, 
5H). 7.52(dd. 1H. J=1Hz. 5Hz). 7.77(brs. 1H). 8.53(dd. isH, J=1Hz, 5Hz) 
IR(KBr. cm'^): 3317. 1720, 1653. 1585, 1504. 1284 
MASS(m/e): 418(M-') 



Elemental analysis: 




C24H22N2O5 • 0.1 CgHgO • O.4H2O 


Found (%) 


Cfi7.56, 


H:5.48, 


N:6.51 


Calod.(%} 


C«7.54, 


H:5.40, 


N:6.47 



Exanple 15 

(±)-3*BenzylQxycaiix)nylmethyi'7-methQxy-4i3henylamt (Conrpound 15) 

Substantially the same procedure as in Example 13 was repeated using Compound 1 1 (0.17 g) obtained In Exam- 
ple 11 to give Ck)mpound 15 (0.17 g, 76%) as a white solid. 

Melting point: 179-180 **C 

NMR{CDCl3. 5. ppm): 2.59(dd. 1H, J=11Hz. 17Hz). 3.13 (dd. 1H, J^Hz, 17Hz). 3.93(s. 3H). 4.42-4.32(m. 1H), 
4.55(dd. 1H. J=4Hz. 9Hz). 4.74(t, 1H, J=9Hz). 5.08{d, IK J=3H2). 6.81(d, 1H. J=9Hz). 7.16(d, 1H. J=9Hz). 7.39- 
7.26(m, 8H), 7.55{dd. 2H. JslHz, 8Hz), 7.66(s. 1H) 
IR(KBr. cm-^): 3307. 1722. 1645. 1529, 1506. 1444, 1288 
MASS(mAe):417(M+) 



Elemental arialysis: C25H23NO5 


Found (%) 
Calcd.(%) 


C:71.93. 
0:71.82. 


H:5.55. 
H:5.51. 


N:3.36 
N3.36 



Example 16 

(±)-3-BerizyloxycarbonyI-4-cyclohexylaminocartx)nyl-7HTiethoxy-2,3-dihydrobenzc^ (Compound 16) 

Substantially the same procedure as in Example 13 was repeated using Compound 12 (0;20 g) obtained in Exam- 
ple 12 to give Compound 16 (0.20 g. 76%) as a wNte solid. 

Melting point: 178-179 **C 

NMR(DMSO-<J6. 6, ppm): 1.34.1.00(m. 5H). 1.86-1.66(m. 5H). 2.56-2.46(m. 1H), 2.88(dd, 1H. J«=3H2. 17H2). 3.76- 
3.62(m, 1H). 3.80(s. 3H), 4.19-4.12(m. 1H). 4.37(dd. 1H, J=4Hz, 9Hz). 4.58(t, 1H. J=*9Hz), 5.10{d. 1H. J=2Hz), 
6.90(d. 1 H. J=9Hz). 7,1 5(d. 1 H, J=9Hz). 7.41 -7.31 (m, 5H). a06(d. IH, J=8Hz) 
IR(KBr. cm*^): 3325. 1720. 1626, 1282, 1174 
MASS(nVe):423(M*) 



Elemental analysis: C25H29NO5 


Found (%) 
Calod.(%) 


C:70.90, 
C:70.90, 


H:6.90. 
H:7.04. 


N3.30 
N:3.34 
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Example 17 

(±)-4-(3,5-Dichloro-4i3yridyIaminocarbonyl)-7-memoxy-3-(4-me^^ 
furan • hydrochloride (Ck)mpound 17) 

Substantially the same procedure as in Example 13 was repeated usirig Compound 9 (0.354 g) obtained in Exam- 
ple 9 and N-methylpiperazine (0.119 ml) to give (l)-4^3,5<Gchloro-4i3yiidyiaminocarbonyl)-7-methoxy-3K4^ 
piperazin-Vykart>onyImethyO-2,3<jihydrdbenzofum g. .100%) as an oily substance. The ofcrtained free base 

was dBssolved in ethyl acetate (50 ml), and a saturated solution of hydrochloric add in ethyl acetate (2 ml) was added 
thereto followed by stinring. The precipitated hydrochloride was collected by filtration and washed with ett^ acetate to 
give Compound 1 7 as a white solid. 

Melting point: 181-187 *C 

NMR(DMSOd6. S. ppm): 2.40-3.52(m, 13H), 3.77-4.70(m. 3H). 3.88(s. 3H). 7.06(d, J=9.6Hz. 1H), 7.52(d. 
J=9.6H2. 1H). 8.76(S, 2H). 10.55(s. 1H) 
IR(KBr, cm"^): 1650, 1480, 1280 



Bemental analysis: 




C22H24CI2N4O4 • HQ • 2.5H2O 


Found {%) 


C:47.08, 


H:5.29; 


N:9.94 


Calcd.(%) 


C:47.11, 


H:5.39, 


N:9.99 



Example 18 

(±)-4-K3.5-DichIoro-4-pyridyOan™nocarbonyO-7;melhQxy-3-[(3-pyri^ 
furan (Cpnpound 18) 

Substantially the same procedure as in Exaniple 1 3 was repeated using Compound 9 (0.30 g) obtained in Example 
9 and 3-pyridylmethylanrrine to give Compound 18 (0.07 g, 19%) as a white 

Melting point: 258-261 "C (decomposed) 

NMR(CDCl3. 6. ppm): 2.46(dd, 1H. J=10Hz, 14 iHz), 2.82 (dd. 1H, J=2Hz. UHz). 3.95(s, 3H), 4.24-4.15(m, 1H)! 

4.32(dd. 1 H, J=6Hz. 1 5H2). 4.46, 4.32(dd, 1 H, J=6Hz, 1 5Hz), 4.67(t 1 H, J=9Hz), 4.83(dd, 1 H. J^Hz. 9Hz). 6.65- 

6.55(nri, 1H). 6.85(d. J=8Hz, 1H), 7^7.21(m, 1H), 7.37(d, j=8Hz. 1H), 7.65-7.55(m, 1H). 8.57-8.38(m, 2H). 

8.56(S,2H) . 

IR(KBr, cm-^): 3310. 3224, 1662, 1645. 1489, 1284 

MASS(nVe):486(M*-1) 

Exanple 19 

(±)-4-t(3.5-Dichl6ro-4-pyridyl)aminocarbonyQ-7-methaxy-3-[(3-pyrid^^ 
(Compound 19) 

Substantially the same prccedure as in Example 13 was repeated usi^ 
9 and 3-aminopyridine to give Conipound 19 (0.18 g. 51%) as a white solM^ 

Melting point: 267 •'C (decomposed) 

NMR(CDa3, 6. ppm): 2.55(dd; 1H, J=11Hz. 15 Hz). 3.01 (dd. 1H. J=2Hz. 15Hz). 3.94(s, 3H). 4.30-4.21(m, 1H), 
4.67(t. 1 H. J=9Hz). 4.80(dd. 1 H. J=^Hz. 9Hz). 6.87(d. 1H, J=9Hz). 7.24(dd. 1 H. J=5H2, 8Hz), 745(d, 1 H. J=9Hz). 
8.22-8.1 0(m. 2H). 8.50 (d. 1 H. J«2H2), a56(s, 2H) 
IR(KBr. cm*^): 3300(br). 1668, 1664. 1483, 1278 
MASS(m/e):472(M*-1) 
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Example 20 

(±)-4^{3.5-Dichloro-4-pyridyOaminocarbonyO-7-iT^ 
(Compound 20) 

Substantialty the same procedure as in Example 1 3 was repeated using Compound 9 (0.30 g) obtained in Example 
9 arxJ 2-aminopyrimidine to give Compound 19 (0.11 g, 31%) as a white solid. 

Melting point: 259-261 *»C 

NMR(DMSO-d6, 6» ppm): 2.82(dd. 1H, J=11Hz. 18Hz). 3.16-3.10(m, 1H), 3.87(s. 3H), 4.30-4.26(m, 1H), 4.38{dd/ 
1H, J=3Hz, 9Hz). 4.65(t, 1H. J=9Hz). 7.05(d. J=9Hz. IH). 7.14(1. 1H. J=5Hz), 7.48(d, J=9H2. 1H). 8.61(d, J=5Hz, 
21-1). 8.72(8. 2H), 10.49(s. IH). 10.60(s. IH) 
IR(KBr. cm'^): 3200(br). 1668. 1579, 1488. 1278 
MASS(m^e):474(M*) 

Example 21 

(±)-4-[(3.5-Dich!oro-4i3yridyOamincxartx)nyO-7HnethoKyr3-[(4i:)^ 
furan (Compound 21) 

Substantialty the same procedure as in Example 1 3 was repeated using Compound 9 (0.30 g) obtained in Example 
9 and l-phenytpiperazine to give Compound 21 (0.21 g. 51%) as a white solid. 

Melting point: 224 ''C 

NMR{CDCl3. 6. ppm): 2.54(dd, IH. J=11Hz, 16 Hz), 3.21-3.11(m, 5H). 3.75-3.57(m. 4H). 3.96(s. 3H). 4.36-4.26(m. 

IH). 4.66{dd. IH, J=3H2, 9Hz), 4.79 (t IH, J=9Hz), 6.92-6.86(m. 4H), 7.31-7.25(m. 3H). 7.37(d, J=9Hz, IH), 

7.68{s. IH). 8.57(5. 2H) 

IR(KBr. cm-^): 3232. 1662. 1647, 1486, 1286 

MASS(m/e): 542(M*+1) 



Elemental analysis: C27H26N4O4CI2 


Found (%) 
Calcd.(%) 


C:59.83. 
C:59.90, 


H:4.82. 
H.4.84. 


N:10.20 
N:10.35 



40 Example 22 

(±)-4-[(3.5-Dichloro-4i>yridyOaminocarbonyQ-7-methQxy-3-[(1,2.3.4-tetrahy 
robenzofuran (Compound 22) 

45 Substantially the same procedure as In Example 1 3 was repeated using Compound 9 (0.30 g) ofc>talned ui Exannple 
9 and 1 ,2,3,4-tetrahydrolsoquinoline to give Compound 22 (0.32 g. 84%) as a white solid. 

Melting point: 211-213 •C 

NMR(CDCt3. 6, ppm): 2.63-2.5t(m. IH). 2.83(dt, 2H, J=6Hz, 5Hz). 3.22(d, J=16Hz. IH), 3.92-3,60(m, 2H). 3.96(3. 
so 3H). 4.37-4.28(m. IH). 4.57(s. IH). 4.82-4.61(m, 3H). 6.86(dd, IH, J=3Hz. 9H2). 7.23-7. 10(m.4H). 7.38(dd. IH. 
J=2Hz. 9Hz). 7.76 (s, 1 H). 8.56{s. 2H) 
IR(KBr, cam-^): 3188. 1659. 1635. 1487. 1282 
MASS(m/e):511(M+-l) 
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Elemental analysis: C26H23N3O4CI2 


5 


Found {%) 


C:60.95. 


H:4.52. 


N:8.20 




Calcd.(%) 


C:60-67. 


H:4.58. 


N:8.00 



Example 23 

(i}-4-[(3.5-Dlchtoro-4i3yridyd)anf«nocarbonyO-7Hiie^ (Com- 
pound 23) 

IS 

Substantially the same procedure as In Example 13 was repeated using Compound 9 (6.30 g) obtained in Example 
9 and phenethyt alcohol to give Conpourid 23 (0.07 g, 57%) as a white solid. 

Melting point: 194 "C 

20 NMR(CDCl3. Ppm): 2.50(dd. 1H. J=11Hz, 17Hz), 2.90 (t. 2H, J=7Hz). 3.03(dd, 1H. J=2Hz. 17H2), 3.95 (s. 3H). 
4.27(t 2H, J=7H2), 4.33-4.22(m. 1H). 4.46(dd, 1H. J=3Hz. 9Hz), 4.64(t 1H, J=9Hz), 6.86(d, 1H, J=9Hz). 7.31- 
7.17(m. 5H), 7.34{d, 1H. J=8Hz). 7.62(S. 1H), 8.57(s. 2H) 
IR(KBr. cm*^): 3203, 1726, 1660, 1487, 1286 
MASS(m/e): 50 (M*+1) 

25 





Elementa] analysis: C25H22N205CI2 




Found (%) 


C:59.89. 


H:4.42, 


N:5.59 


30 


Calcd.(%) 


C:59.75, 


H:4.15. 


N:5.48 



35 Example 24 

(±)-4-[(3,5-Dlchloro-4i3yridyOan™nocarbonyO-7-methoxy-3-I(2i3yrldylm 
furan (Compound 24) 

40 Substantially the same procedure as in Example 13 was repeated using Compound 9 (0.30 g) obtained In Exanrpie 
9 and 2-pyridylm6thylanf^ne to gh^e Conripcund 24 ^^^^ 

Melting point: 255 -258 *C 

NMR(DMSO-d6. ppm): 2.35{dd. 1H, J=11Hz. 15H2). 2.79(dd, 1H. J=3H2. 15Hz), 3.86(s. 3H). 4.24-4.13(m. 1H). 
4S 4.36{d, 2H, J=6H2), 4.43-4.29(m. 1H), 4.56(t 1H, J=9Hz), 7.04(d, IH/ J=9Hz). 7.28-7.24<m, 2H), 7.47(d, IH, 
J=9Hz), 7.75(dt, 1 H. J=:2Hz. 8Hz), 8.51 -8.43(m, 2H), 8.75(s. 2H), 1 0,48(s. 1 H) 
IR(KBr. cm'^): 3350. 3320, 1659, 1635, 1552, 1486, 1282 
MASS(m/e): 486(M*) 



Elemental analysis: C23H20N4O4CI2 


Found (%) 
Calcd.(%) 


C:56.69, 
C:56.54, 


H:4.14. 
H:4.02. 


N:li.50 
N:11.33 
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Exanple 25 

(±)-3-(BenzytaminocarfoonyOme{hyl-4-[(3.5<iichloro-4i>^ 
(Compound 25) 

Substanliaily the same procedure as in Example 13 was repeated using Compound 9 (0.10 g) obtained in Example 
9 and benzytamine to give Compound 25 (0.08 g, 65%) as a white solid. 

Melting point: 284-286 

NMR(DMSO<l6, 5, ppm): 2.30(dd. 1H. J=11Hz, ISHz). 2.76(dd. 1H. J=3Hz, 15Hz). 3.86(s. 3H). 4.28-4. 17(m. 1H), 
4.27(d. 2H. J=7H2), 4.34(dd. 1H. J=3Hz. 9Hz), 4.57(t 1H. J=9Hz), 7.04(d. 1H, J=:9Hz). 7.35-7.20(m. 5H), 7.47{d. 
1H. J=9Hz). a36(t 1H, J=6Hz). 8.75(s. 2H), 10.47(brs, 1H) 
IR(KBr, cm"^): 3350. 3230. 1662, 1637. 1552, 1487. 1282 
MASS{nVe):487(M*) 



Elemental analysis: C24H21N3O4CI2 


Found (% 
Calcd.(%) 


C:59.27. 
C:59.54, 


H:4,35. 
H:4.36, 


N:8.64 
N3.55 



Example 26 

(±)-4-[(3,5'Dichloro-4i3yridyOaminocarbonyl}-7HTieth^ 
furan (Compound 26) 

Substantially the same procedure as in Example 13 was repeated using Compound 9 (0.20 g) obtained in Example 
9 and 4-pyridylmethytamine to give Compound 26 (0.04 g, 16%) as a white solid. 

Melting point: 259-262 **C (decomposed) 

NMR(DMSO-<is. 5. ppm): 2.36(dd. 1 H. J=1 1 Hz, 16Hz). 2.80(dd. 1 H. J=2Hz, 16Hz). 3.86(s. 3H), 4.23-4.16(m, 1 H), 

4.29(d. 2H, J=6Hz). 4.37(dd, 1H. J=3Hz, 9Hz), 4.57(t. 1H, J=9Hz), 7.22(d. 2H. J=9Hz). 7.47(d. 1H. J=9Hz). 8.50- 

8.42(m. 3H). 8.75(s. 2H), 10.48(s. 1H) 

IR(KBr. cm-^): 3327, 3205, 1654. 1641, 1551. 1481. 1288 

MASS(nVe): 149 



Elemental analysis: C23H2oN404Cl2 


Fourxi (%) 
Calcd.(%) 


C:56.69. 
C:56.39. 


H:4.14. 
H:4.00. 


N:11.50 
N:11.39 



Example 27 

(±)-4-[(3,5-Dichloro-4-pyridyOanfwtocartx>riyl]-7-methaxy-^ 
(Compound 27) 

Substantially the same procedure as in Example 1 3 was repeated using Compound 9 (0.20 g) okitained in Example 
9 and aniline to give Compound 27 (0.1 0 g. 42%) as a white solid. 

Melting point: 296-300 ^'C (deconrposed) 

NMR(DMSO-d6, 6, ppm): 2.54-2.50(m, 1H). 2.93(dd. 1H, J=2Hz, 14Hz). 3.87(s. 3H). 4.29-4.22(m, 1H), 4.43(dd. 
1H. J=3Hz. 9Hz). 4.63(t, 1H. J=9Hz), 7.07-6.98(m, 2H), 7.27(d, 1H. J=8Hz), 7.30(d. 1H, J=:8Hz), 7.49(d, 1H. 
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J=8Hz), 7.55(d. 2H. J=8H2), 8.74(s, 2H), 9.90(5, 1H). 1p.50(s. 1H) 
IR(KBr, cm*^): 3350. 3142, 1657, 1651, 1547. 1491. 1290 
MASS(rTVe): 471 (M*^1). 473{M*+1) 



Elemental analysis: C23Hi9N304a2 


Found (%) 
Calod.(%) 


C:58.49, 
C:58.14. 


H:4.05, 
H:4.14, 


N:8.90 
N:8.62 



Example 28 

(±)-4-K3.5-Dichloro-4-pyn^idyOaminocartK>nyO-7-melho^ 
zofuran (Compound 28) 

Substantially the same procedure as in Example 13 was repeated using Compound 9 (0.20 g) obtained in Example 
9 and 4-methoxyt)enzytan^ne to give Conrpound 28 (0.28 g. 85%) as a white solid. 

Melting point: 269-271 'C 

NMR(DMSO-d6. 6. PPm): 2.27(dd. 1H. J=15H2. 1 1Hz). 2.74(dd, 1H. J=3Hz. 15Hz). 3.72(s. 3H). 3.86(s. 3H). 4.1 9(d. 
2K J=5H2). 4.23-4.12(m. 1H). 4.33 (dd. 1H. J=:3Hz. 9Hz). 4.56(t 1H. J=9Hz). 6.87(d. 2H. J=9Hz). 7.03(d, 1H. 
J=8Hz). 7.16(d. 1 H. J=9Hz). 7.46(d. 1 H. J=8Hz). 8.27(t, 1 H. J=6Hz). 8.74(s. 2H). 10.47(s, 1 H) 
IR(KBr, cm-^): 3210, 1659. 1643. 1514. 1487. 1290 
MASS(nVe): 515(M*), 517, 519 



Elemental analysis: C25H23N3O5CI2 


Found (%) 
Calcd.(%) 


C:58.15, 
C:57.97. 


H:4.49. 
H:4.51. 


N^8.14 
N:8.03 



Example 29 

(±)-4-[(3.5-Dichtoro-4-pyiridyOamirK)c»rt» 
furan (Ck)mpound 29) 

Sut)stantially the same procedure as in Example 13 was repeated using Compourxl 9 (0.20 g) obtained in Example 
9 and 4-fluorobenzylamine to give Compound 29 (0.1 3 g. 51%) as a white solid. 

Melting point: 287 '*C 

NMR(DMSOd6. 6. ppm): 2.28(dd. 1H, J=15Hz. 11Hz). 2.80(dd. 1H. J=3Hz, 15Hz). 3.85(s, 3H). 4.25-4.1 8(m. 1H). 
4.23(d, 2H. J=6Hz). 4.33(dd. 1H. J=3Hz. 9Hz). 4.55(t 1H, J«9Hz). 7.02(d. 1H. J=9H2). 7.12(t 2H, J=9Hz), 7.29- 
7.23(m. 2H). 7.45(d. 1H. J=9Hz). 8.40(1. 1H. J=6Hz), 8.73(S, 2H). 10.45(s, 1H) 
IR(KBr, cm-^): 3368. 3145. 1662. 1647. 1510. 1491, 1286 
MASS(m^e): 63 



Elemental analysis: C24H2oN304Fa2 



Found (%) 


C:57.16. 


H:4.00. 


N:8.33 


CalGd.(%) 


C57.20. 


H:4.99. 


N:8.33 
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Example 30 

(±)'3-[(4-Chlorobenzyl)aminocar1x}nyQmethyl^[(3.5^ 
furan (Compound 30) 

Substantially the same procedure as in Example 1 3 was repeated usmg Compourxl 9 (0.20 g) obtained in Example 
9 and 4-chlorobenzylamine to give Compound 30 (0.15 g, 58%) as a white solid. 

Melting point: 283-286 ^'C 

NMR(DMSO-d6. 5. ppm): 2,30(dd. 1 H. J=16H2. 12H2). 2.76(dd. 1H. J=2Hz. I6H2). 3.34(s. 3H). 4.26-4.20(m. 1 H). 
4,25(d, 2H. J=6Hz). 4.34(dd. 1 H. J=3Hz, 9Hz). 4.56(t. 1 H. J=9Hz). 7.04(d, 1 H, J:=9Hz), 7.25(d, 2H, J=r8H2). 7.37(d, 
2H, J=8H2), 7.47(d, 1H. J=9Hz), 8.38(t 1H. J=6Hz). 8.75(s. 2H). 10.48(s. 1H) 
IR(KBr, cm-^): 3307, 3296, 1660. 1647. 1489, 1286 
MASS(m/e): 520(M+) 



Elemental analysis: C24H20N3O4CI3 


Found (%) 
Calcd.(%) 


C:55.35. 
C:55.22. 


H.'3.87, 
H:3.77. 


N:8.07 
N:7.98 



Example 31 

(±)-3-[(2-Chlorobenzyqaminocar)x>nyQmethyl-4*[(3,5-dichloro-4i3yridyO 
furan (Compound 31) 

Sut>stantially the same procedure as in Example 13 was repeated using Compound 9 (0.20 g) ot>tained in Example 
9 and 2-chtorobenzyiamine to give Compound 31 (0.1 5 g. 58%) as a white solid. 

Melting point: 288-289 *C 

NMR(DMSO-d6. 5. ppm): 2.36(dd. 1H. J=15Hz, 12Hz), 2.80(dd. 1H, J=3Hz. I6H2). 3.86(s, 3H). 4.22-4.17(m. 1H). 
4.38-4.30{m. 3H), 4.57{t. 1 H. J=9Hz), 7.39(d, 1 H, J^SHz}. 7.31-7.27(m, 3H), 7,43-7.42(m, 1H), 7.47(d, 1 H, J^SHz). 
8.35{brs. 1H), 8.74(s, 2H) 

IR(KBr, cm"^): 3350. 1660. 1651. 1547, 1493. 1286 
MASS(m/e): 519(M*-1). 521(M*+1) 



Elemental analysis: C24H20N3O4CI3 


Found (%) 
Calcd.(%) 


C:55.35. 
C:55.42. 


H3.87. 
H3.86, 


N:8.07 
N:8.02 



Example 32 

(±)-4-[(3,5-Dlchloro-4i:>yrrdyl)aniinocartX)riyq-3-[(3,5<lichloro-4i3yridyl)amino(^ 
robenzofuran ((Compound 32) 

Substantially the same procedure as in Example 1 3 was repeated using Compound 9 (0.30 g) obtained in Example 
9 and 4-amino-3,5<lichloropyridine to give Compound 32 (0.06 g, 1 7%) as a white solid. 

Melting point: >300 <*C 
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NMR(DMSOKis. PPm): 2.61-2.55{m, 1H). 3.07-3.01{m, IH). 3.87(s. 3H). 4.2a^.25(m, 1H), 4.40(dd. IK J=2Hz, 
8Hz). 4.55(t IH. J=8H2). 7.07(d, IH. J=9Hz). 7.50(d. IH. J=9Hz), 8.68(s. 2H). 8.75{s. 2H). 10.32(brs. 2H), 
10.52(brs. 2H) 

IR(KBr, cm'^): 3260(br). 1684. 1653, 1487. 1282 
MASS(nVe):542(M*) 



Elemental analysis: C22H16N4O4CI2 


Found (%) 
Calcd.(%) 


C:48.73. 
C:48.53. 


H:2.97. 
H:2;91. 


N:10.33 
N:10.12 



Example 33 

4-(3,5-Dk;hloro-4i}yrklytanriinbcartx>nyO>^ (Compound 33) 

Substantially the same procedure as in Example 1 was repe^ed using Connpound llac (0.22 g) obtained in Refer- 
ence Example 29 to give Compound 33 (0.27 g, 68%) as a white solid. 

NMR(DMSOd6. 6, ppm): 4.05(s. 3H). 7.10(d. J=8.7Hz. IH). 7.31{d. J=1.5Hz, IH). 7.99(d. J=8.7H2. IH). 8.10(d. 

J=1.5Hz. IH). 8-77(s. 2 H). 10.5(8, IH) 

MASS(m/e):336(IVI*) 

IR(KBr. cm-^): 1650, 1490. 1280 



Elemental analysis: C15H10N2O3CI2 


Found (%) 
Calod.(%) 


C:53.31, 
C:53.44, 


H:2.85. 
H5.99. 


N:a06 
N:8.31 



Example 34 

2-Cyano-4-(3.5KJichlpropyridin-4-ylanvnocartx>nyO-7-methoxy^ 

Substantially tfie same procedure as in Example 1 was repeated using Compound llab (0.26 g) obtained in Refer- 
ence Example 28 to give Compound 34 (0.10 g. 23.9%) as a white solid. 

Melting point: 246-250 ^'C 

NMR(DMSCW6, 5. PPm): 4.10(s, 3H). 7.40(d, J=8.7Hz. 1 H). 8.15(d, J=8.7H2, IH), 8.32(s. IH). 8.79(s, 2H), 10.7(s. 

. . 1H) 

IR(KBr, cm-^): 2240. 1650. 1490, 1280 
MASS(m/z): 362 (M*) 



Elemental analysis: Ci6HgCl2N303 


Found (%) 
Calcd.(%) 


C:53.31. 
C:53.06, 


H:2.30. 
H:2.50. 


Nil 1.30 
N:11.60 
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Exanpte 35 

2-Benzoyt-4-[(3,5<iichloro-4i3yridyOarrano^ (Compound 35) 

Compound 34 (0.46 g) obtained in Example 34 was suspended in tetrahydrofuran, 1.0M phenylmagnesiimi bro- 
mide (28.2 g) was dropwise added thereto under stirring at O^^C. and then the temperature of the mixture was slowly 
raised to room temperature while sttnring for 3 hours. Hydrochloric acid was added thereto at O^'C followed by stin^ing for 
one hour. The mixture was extracted with ethyl acetate, the organic layer was washed with a saturated saline and dried 
over magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was purified by silica gel 
column chromatography (toluene:ethy1 acetate = 4:1) and recrystalHzed from ethemol to give Compound 35 (0.38 g. 
67.3%) as a coloriess solid. 

Melting point: 217 "C 

NMR(DMSOkJ6. 6, ppm): 4.11(s. 3H), 7.37(d. 1H. J=8Hz). 7.61(d. 1H, J-THz). 7.65(S. 1H), 7.72(d. 1H, J«7Hz), 
. 7.97{s, 3H). 8.01(3, 3H), 8.14(d. 1H. J=8Hz). 8.76(s, 2H). 10.70(s, 1H) 
IR(KBr, cm-^): 3307(fc>r). 1647, 1487, 1286. 1271 
MASS(nrVe):441(M*) 



Elemental analysis: C22H14N2O4CI2 


Found (%) 

Calcd.(%) 


C:59.88. 

C:59.80. 


H3.20, 

Hai8. 


N:6.35 

N:6.28 



Example 36 

2-Butyl*4-(3.5<lichforopyridin-4-ylaminocart>onyO-7Hrnethoxybenzcfuran (Compound 36) 

Sut>stantially the same procedure as in Example 1 was repeated using Compound Had (0.47 g) obtained in Refer- 
ence Exanple 30 to give Compound 36 (0.25 g, 34%) as a white solid. 

Melting point: 160-164 •C 

NMR(DMSO-d6. 6, ppm): 0.92(t J=8Hz. 3H), 1 .28-1 .47(m. 2H). 1.59-1.78{m. 2H), 2.80 (t J=7Hz, 2H), 4.01 (s. 3H). 

7.00(s. 1H). 7.04(d, J=8Hz. 1H), 7.92(d, J=8Hz. 1H). 8.75(s. 2H). 10.4(s. 1H) 

MASS(m/e): 392(M^) 

IR(KBr, Gm'^):1658. 1490. 1285 



Elemental analysis: C19H18CI2N2O3 


Found (%) 
Calcd.(%) 


C58.08. 
C:58.03. 


H:4.68. 
H:4.61, 


N:7.06 
N:7,12 



Example 37 

2-Berizyl-4-[(3.5<fichloro-4-pyridyOaminocartx)riyl]-7-methCDcy^ (Compound 37) 

Substantially the same procedure as in Example 1 was repeated using Compound Hag (0.30 g) ot>tained in Refer- 
ence Example 33 to give Compound 37 (0.25 g, 77%). 

Melting point: 141-142 •C 

NMR(CDCl3. 6. ppm): 4.17(s, 2H), 4.41(s, 3H), 6.43(s, 1H). 7.25(d, 1H, J=8Hz). 7.64-7.29(m, 5H). 8.07 (d. 1H. 
J=8Hz). 8.91 (s. 2H). 9.97(brs. 1 H) 
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IR(KBr, cm'^): 3298(br). 1674, 1547. 1491. 1477. 1271 
MASS{m/e): 306(M*) 



Elemental analysis: C22Ht6N203Ct2 


Found (%) 
Calod.(%) 


C:61.84, 
C:61.79. 


H:3.77. 
H.-3.75. 


N:6.56 
N:&48 



Example 38 

15 4-{3,5-Dichloro-4-pyridytaminocarbonyO-7-methoxy-2-(4-pyridyObenzrf (Compound 38) 

Substantially the same procedure as in Example 1 was repeated using Compound llae (0.21 g) obtained in Refer- 
ence Example 31 to give Compourxi 38 (0.141 g. 50.1%) as a white solid. 

20 Melting point: 289-290 •C 

NMR(DMSO-d6. 5, ppm): 4.10(s, 3H), 7.20{d, J«9Hz. 1H), 7.90(d. J=7Hz, 2H). 8.07(d. J«9Hz, 1H), 8.09(s. 1H), 
8.69(d. J=7Hz, 2H). 8-80(S, 2H). 10.58(bs. 1 H) 
IR(KBr. cm-^): 3300(br). 1650, 1490, 1460. 1290 
MASS(m/e): 417. 415, 413(isr). 253, 252 





Elemental analysis: C20H13N3O3CI2 




Found (%) 


C:57.74. 


H:3.15. 


N:9.91 


30 


Calcd.(%) 


C:57.97, 


H:3.16, 


N:10.15 



35 Example 39 

7-Methoxy-2-(4-pyridyl)-4-(4-pyridylaminocarbonyf)benzofuran • 2 hydrochlorkde (Compound 39) 

Substantially the same procedure as In Example 6 was repeated using Compound llae (3.0 g) obtained in Refer- 
40 ence Exanple 31 to give 7-nriethQxy-2-(4^pyridyl)-4K4-pyridylaminocarbonyl)beri^^ (1.45 g, 42.8%) as a while 
solid. Then, substantially tiie same procedure as in Example 1 7 was repeated using the above-obtained product to give 
Compound 39. 

Melting point: 214-217 •C 

45 NMR(DMSO-d6. &, ppm): 4.1 1 (s. 3H). 7.29(d. J=9Hz, 1 H). 8.39{d. J=9Hz. 1 H), 8.49(ci. J=7H2, 2H). 8.52(d, J=6Hz. 
2H). 8.55(s, 1 H), 8.80(d. J=7Hz. 2H), 8.96(d, J=6Hz. 2H). 1 2.05(bs. 1 H) 
IR(KBr, cm'^): 3400(br), 1685, 1635. 1610, 1505, 1270 
MASS(m/e): 345(M+), 252 



Elemental analysis: 




C20H15N3O3-2.OHCI-3.OH2O 


Found ^) 


C:50.87. 


H:4.78. 


N:8.76 


Calpd.(%) 


C:50.86, 


H:4.91. 


N:8.90 
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Example 40 

4-(3.5-Dichloro-4-pyr'dyfaminocarbonyO-7-me4haxy-2-(2i3^ (Compound 40) 

Substantially the same proceduris as in Example 1 was repeated using Compound Itaf (0.40 g) obtained in Refer- 
ence Example 32 to give Compound 40 (0.162 g, 29.9%) as a white solid. 

Melting point: 263-264 *C 

NMR(DMSO-d6. 6, ppm): 4.12(s, 3H), 7.20(d. J=9Hz. 1H), 7.44(ddd, J=2Hz, SHz, 7H2. 1H). 7.93(s, 1H), 7.97(dd. 
2H2, SHz. 1H). 7.99(dd, J=7Hz, SHz, 1H). 8.02(d. J=9Hz. IN). 8.70(d. J=5Hz, 1H). 8.78(s, 2H). 10.55(bs. 1H) 
IR(KBr, cm"^): 3200(br), 1650. 1590. 1500. 1290. 1280 
MASS(m/e): 417. 415, 413(M*). 252 



Elemental analysis: C2oHi3N303Cl2 •O.IH2O 


Found (%) 
Calcd.(%) 


C:57.66. 
C:57.74. 


H:3.06. 
H:3.20. 


N:9.91 
NrlO.IO 



Example 41 

7-Methoxy-2-(2i3yridyO-4-(4-pyfrkiylamiriocarboriyl)^ (Compound 41) 



Sut>stantially the same procedure as in Example 6 was repeated using Compourxl llaf (4.87 g) obtained in Refer- 
ence Example. 32 to give 7-methoxy-2H2-pyridyl)-4-(4-pyridyl£UTiinocart>onyl)benz^ (4.24 g, 77.1%) as a white 
sofid. Then, substantially the same procedure as in Exarrple 1 7 was repeated using the above-obtained product to give 
Compound 41. 

Melting point: 251 -254 °C 

NMR(DMS0-de/T>20. 6. ppm): 4.17(s. 3H). 7.13{d. J=9Hz. 1H). 7.58(dd. J=5Hz, 7Hz. 1H). 7.9-8.1(m, 2H), 7.98(s. 
1H).8.12(d. J=9Hz, 1H),8.29(d. J=7Hz,2H),8.64(d. J=7Hz.2H),8.66(d.J=5H2. 1H) 
IR(KBr. cm'^): 3400(br). 1685, 1625, 1610. 1505, 1280 
MASS(m/e): 345(M+). 252 



Elemental analysis: 




CgoHisNgOa • 2.0HCI • 1 .9H2O 


Found (%) 


C*.52.99, 


H:4.30, 


N:9.10 


Calcd.(%) 


C:53.09. 


H:4.63, 


N:9.29 



Example 42 

4-(3,5-Dichk)ro-4i3yridylaminocarbonyO-7-methaxy'^-pheny^ (Compound 42) 

Substantially the same procedure as in Example 1 was repeated using Compound llah (0.29 g) obtained in Refer- 
ence Example 34 to give Compound 42 (0.34 g. 76%) as a white solid. 

MeHing point: 177-179 'C 

NMR(CDCl3. 6, ppm): 4.12(s, 3H), 6.95(d. J=9Hz, 1H), 7.17-7.43(m, 5H). 7.76(s, 1H), 7.89(d, J=9Hz. IN). 8.44(s. 
2H) 

IR(KBr. cm-^): 1495, 1669, 1402, 1279 
MASS(m/e):412(M^) 
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Elemental analysis: C21H14N2O3CI2 


Found (%) 
Calcd.(%) 


C:60.99. 
C:61.03. 


H:3.40. 
H:3-41. 


N:6.56 
N:6.78 



Exarnple43 

3-Ethoxycarlx)nylmethyl-44(3,5<lichloro-4i)yridyOamlnocarbonyn-7^ (Compound 43) 

Substantially the same procedure as in Example 1 was repeated using Ck>mpound liai (0.80 g) obtained in Refer- 
ence Example 35 to give Compound 43 (0.47 g, 39%) as a white solid. 

Melting point: 216-218 *C 

NMR(CDCl3. 5, ppm): 1.10(t J=7H2. 3H). 3.91(s, 2H). 4.00(q. J=7Hz. 2H). 4.08(s, 3H). 6.85(d. J=8Hz. 1H). 7.66(s, 
1 H), 7.71(d, J=8H2, 1 H), 7.75(8. 1 H), 8.56(s. 2H) 



Elemental analysis: Ci9Hi6Ct2N205 


Found (%) 
Calcd.(%) 


C:54.01. 
C:53.92, 


H:3.75, 
H:3.81, 


N:6.45 
N:6,62 



Example 44 

3-Caifx>xymethyl-4-[(3,5-dichlor6-4-pyridyi)amihocart>onyq-7-methoxybenzof^ (Compound 44) 

Substantially the same procedure as in Example 9 was repeated using Compound 43 (0.64 g) obtained in Refer- 
ence Example 43 to give Compound 44 (0.27 g. 47%) as a whKe solid. 

Melting point: 270-278 •C 

NMR(DMSO-d6. PPm): 3.79(s. 2H), 4.02(s. 3H). 7.09 (d. J»9Hz, 1H), 7.77(d, J=9Hz, 2H), 7,97(s. 1H), 8.74{s, 
2H), 10.6-10.7(brs, 1H). 12.0-12.1(bfs, 1H) 



Elemental analysis: Ci7H^2Cl2N205 


Found (%) 
Calod.(%) 


C:51.38. 
C:51.67. 


H:2.95. 
H:3.06, 


N.'6.92 
N:7.09 



Example 45 . 

4-[2-(3«5-Dichloro-4-pyridyOefthyq-7-melhaxy-2,2<Jimethyl-2.3-d^ (Compound 45) 

(Step A) (±)-4-[2-(3.5-Dichloro-4-pyridyO-1-hydroxyethyQ-7-methoxy-2,2<limethyl-2,3<iihydrob^^ (Conlpound 
45a) 

Under an argon atmosphere, a solution (20 ml) of 3,5^JichIoro-4-methylpyridlne (1 .4 g) in THF was cooled to -78"'C, 
and tiien a 1.69M solution of butyl lithium in hexane (6.3 ml) was dropwise added thereto, followed by stirring at the 



63 



EP OTTI 794 A1 



same temperature for one hour. A solution (10 ml) of Compound \\a (2.0 g) obtained in Reference Example 1 in THF 
was slowly and dropwise added to the mixture, followed by stining at -78*C for 2 hours and then at 0°C for one hour. 
The reaction solution was poured Into water and the mixture was extracted with ether. The organic layer was washed 
with a saturated saline arxi dried ever anhydrous magnesium sulfate, and the solvent was distilled off under reduced 
5 pressure. The residue was purified by silica gel column chromatography (chloroform) to give Compound 45a (3.3 g. 
93.4%) as colorless crystals. 

Mefting point: 100-104 *C 

NMR(DMSO-d6. ppm): 1.30(s. 3H), 1.38(s. 3H), 2.77 (d. J=15,8Hz, 1H). 3.04(d. J=15.8Hz, 1H), 3.04-3.1 1(m, 
10 1 H). 3.24-3.32(m, 1 H). 3.71 (s. 3H). 4.82-4.89 (m, 1 H), 5.41 (d, J=3.96Hz. 1H), 6.76(s, 2H), 8.55(5. 2H) 

MASS{m/e): 369. 367(M+). 207 
IR(KBr, cm-^): 3396(br), 1625. 1507 

(Step B) (Compound 45) 

IS 

Under an argon atmosphere, a solution (80 ml) of Compound 45a (3.0 g) obtained in Step A in methylene chloride 
was cooled to -78*C. and then boron trifluoride ether complex (2.0 ml) and triethylsilane (3.9 ml) were succcesslvety 
added thereto, followed by stining at room temperature for 3 hours. The reaction solution was poured into a saturated 
aqueous solution of sodium bicartx)nate and the mixture was extracted with chloroform. The organic layer was washed 
20 with a saturated saline and dried over arihydrous magnesium sulfate, and the solvent was distilled off under reduced 
pressure. The residue was purified by silica gel column chromatography (chloroformAnelhanol » 20/1) to give Com- 
pound 45 (1 .57 g. 54.7%) as colorless crystals. 

Melting point: 128-133 *C 

25 NMR(DMSO-d6. 5. ppm): 1.38(s. 6H). 2.68(t, J=7.25Hz. 2H), 2.91(s, 2H), 3.07(t J=7.26H2. 2H). 3.71(s. 3H), 

6.54(d. J=8.25Hz, 1H). 6.72(d. J=8.25Hz. 1H). 8.58(s. 2H). 
MASS(nri/e): 353. 351{M*). 191 
IR(cm-^): 1623, 1593. 1499 

30 



Elemental analysis: C18H19CI2NO2 


Pound (%) 
Calcd.(%) 


C«1.37. 
Cfi1.37^ 


H:5.41, 
H:5.44. 


N:3.92 
N:3.98 



Example 46 

40 

7-Methoxy-2,2-dlmethyl-4-p-(4-pyridyl)ethyQ-2.3*dihydroberizofuFan (Compound 46) 
. (Step A) 4-[1 -HydrQxy-2-{4i3yridyOethyq-7-nriethoxy-2,2-€fimethyl-2.3Kiihydroberizofora^ (Compound 46a) 

4S Under an argon atmosphere, a solution (35 mO of 4-methylpyridine (0.78 mO in THF was cooled to -78*C. arxJ then 
a 1 .69M solution (5.17 ml) of butyl lithium in hexane was dropwise added thereto, followed by stinring at the same tem- 
perature for one hour. A solution (35 ml) of Compourxl I la (1 .5 g) ot>tained in Reference Example 1 in THF was slowly 
and dropwise added to the mixture, followed by stirring at -78*'C for 2 hours and tiien at O^'C for one hour. The reaction 
solution was poured into water and the mixture was extracted with etfier. The organic layer was washed whh a saturated 

50 saline and dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The res- 
idue was purified by silica gel column chromatography (chloroform/hiethanol » 20/I) to give O>mpound 46a (1.17 g. 
53.8%) as a colorless oily substance. 

NMR(Dfk4SO-d6. 6. ppm): 1.29(s. 3H). 1.35(s. 3H). 2.75 (d. J=15.8Hz, 1H). 2.81-2.94(m. 2H), 2.94(d. J=15.8Hz. 
55 1H). 3.71(s, 3H), 4.68(m, 1H). 5.27(d. J=4.0Hz. 1H). 6.76(s. 2H). 7.12{d. J=5.9H2. 2H), 8.39(d. J=5.9H2. 2H) 

MASS(nVz): 299(M^. 207 
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(Step B) (Conpound 46) 

Under an argon atmosphere, a solirtion (7 ml) of CompourxJ 46a (0.2 g) obtained in Step A in methylene chloride 
was cooled to -78'*C, and then boron trifluoride ether complex (0.17 ml) and triethylsilane (0.33 ml) were successively 
5 . added thereto, followed by stim'ng at O^'C for 2 hours. The reaction solution was poured into a saturated aqueous solu- 
tion of sodium btcart>onate and the mixture was extracted with chloroform. The organic layer was washed with a satu- 
rated saline and dried over anhydrous magnesium sulfate, arxj the solvent was distilled off under reduced pressure. The 
residue was purified by silica gel column chromatography (chloroform/methanol = 20/1) to give Compound 46 (0.1 1 g, 
58.1%) as a colorless oily suk)stance. 

10 

NMR(DMSOd6. 6. ppm): 1.35{s. 6H), 2.70-2.82{m, 4H). 2.83(s, 2H). 3.70(s. 3H), 6.58(d, J=8.3Hz. 1H). 6.71{d. 
J=8.3H2. 1H), 7.19(d. J=5.9Hz, 2H), 8.43 (d. J=5.9Hz. 2H) 
lR(cm-^): 1602, 1511. 1505. 1440 
MASS(m/z):283(M^, 191 

IS 





Elemental analysis: 0^3^21^02 * O.3H2O 




Found (%) 


C:74.87i 


H:7.54. 


N:4.85 




Calod.(%) 


C:75.03, 


H:7.44» 


N:4.89 



25 Example 47. 

(±) 7-MethQxy-2,2-dinriethyl-7-methoxy-4-[1 -phenyl-2-(4-pyridyl)ethyl]-2,3<iihydrobenzofuran (Compound 47) 

(Step A) (±)-4-[1 -Hydroxy-1 i>henyl-2-<4i3yridyOethyq-7-methQxy-2.2<nmethyl-2.3-dihydrobenzc^ (Compound 47a) 

30 

Under an argon atmosphere, a solution of 4-methytpyridine (0.83 ml) in THF (50 ml) was cooled to -78*'C. and then 
a 1.69M solution (5.0 ml) of butyl lithium in hexane was dropwise added thereto, followed by stirring at the same tem- 
perature for one hour. A solution of Compound llaj (2.0 g) obtained in Reference Exanple 36 in THF (20 ml) was slowly 
and dropwise added to the mixture, followed by stirring at O^C for 2 hours. The reaction solution was poured into watiBr 
35 and the mixture was extracted with ether. The organic layer was washed with a saturated saline and dried over anhy- 
drous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was purified by silica 
gel column chromatography (chloroform/methanol = 50/1) to give Compound 47a (0.87 g. 32.5%) as yellowish brown 
crystals. 

40 Melting poirit: 78-81*C 

NMR(DMSO-d6; 6. PPm)' 1-14(s, 3H), 1.19(s, 3^0, 2.39 (d, J=16,1Hz, 1H); 2.67(d, J=16.1Hz, 1H). 3.51 (s. 2H), 
3.72(s, 3H), 5.70(s. 1H), 6.74(d. J=8.6Hz, 1H), 6.81(d, J«5.9Hz. 2H). 6.92(d. J=8.6Hz. 1H), 7.15-7.19{m, 5H), 
8.23(d. J=5.6Hz. 2H) 

IR(KBr, cm'^): 3500-3000(br), 1606, 1506. 1446. 1427 
4$ MASS(nVz): 375(M^. 283 

(Step B) (Compound 47) 

Under an argon atmosphere, a solution of Compound 47a (0.4 g) obtainiad in Step A in niethylene chloride (3 ml) 
50 was cooled to -78^C. and then boron trifluoride ether complex (0.3 ml) and triethylsilane (0.52 ml) were successively 
added thereto, foliowed by stining at O^^C for 2 hours. The reaction solution was poured into a saturated aqueous solu- 
tion of sodium bicart)onate and the mixture was extracted with chloroform. The organic layer was washed with a satu- 
rated saline and dried over anhydrous magnesium sulfate, and the solvent was distill ed off urxJer reduced pressure.. The 
residue was purified by silica gel column chromatography (chlorolbrm/methanoi = 30/1) to give Compound 47 (0.27 g, 
55 56.7%) as a yellowish brown oily substance. 

NMR(DMSO-d6; 6. ppm): 1.23(s, 3H), 1.30(s, 3H). 2.75 (s. 2H). 3.3b-3.34(m. 2H). 3.68(s. 3H), 4.22(t J=8.3Hz, 
1H). 6.74(d. J=8.6Hz, 1H), 6.81(d, J=8.6Hz, 1H). 7.13(d, J=5.9Hz, 2H). 7.15-7.26(m. 5H). 8.34(d. J:=5.9Hz, 2H) 
IR(cm-^): 1622. 1598, 1503. 1435 
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MASS(m/z): 359(M*), 267 
Example 48 

7-MethQxy-2.2Klimethyl-4-(4i3yridymwometh^ (Con^xwnd 48) 

(Step A) 4-Hydraxymethyl-2.2-dimethyl-7-methoxy-2.3<^^ (Conpound 48a) 

Compound lla (4.0 g) obtained in Reference Example 1 was added to a suspension off litliium aluminium hydride 
(0.52 g) In ether (20 ml), followed by stimng at room tenrrperature for one hour. The reaction solution was poured into 
Ice and the reaction mixture was adjusted to pH 3 by adding dropwise 1 N hydrochloric add (1 0 ml). The ether layer was 
separated, washed with a satui^ted saline, and dried over anhydrous magnesium sulfate, and the solvent was distilled 
off under reduced pressure. The residue was purified by silica gel column chromatography (chtoroformAnethanol = 
60/1) to give Compound 48a (0.32 g. 79.2%) as a coloriess oily substance. 

NMR(DMSO-dB. 6. ppm): 1 .40(s. 6H), 2.97(s. 2H). 3.71 (s. 3H). 4.33(d. J«5.6Hz. 2H). 4.91(t J=5.6H2, 1 H), 6.70(d. 
J=8.3H2.. 1 H)» 6.75(d, J=8.2H2, 1 H) 
MASS(mfe): 208(Wr) 

(Step B) (Compound 48) 

Compound 48a (2.0 g) obtained In Step A was dissolved in methylene chloride (100 ml), and then diisopropylethyl- 
amine (5.0 ml) and methanesulfbnyl chloride (0.8 ml) were added thereto, followed by stirring at room temperature for 
one hour. At the same temperature, 4-mercaptopyridine (1 .4 g) was added to the reaction solution, and the mixture was 
stirred for 30 minutes. Water was added to the reaction solution and the mixture was extracted with methylene chloride. 
The organic layer was washed with a saturated saline and dried over anhydrous magnesium sulfate, and the solvent 
was distilled off under reduced pressure. The residue was purified by sifica gel column chromatography (chloro- 
fornVmethanol = 30/1) to give Compound 48 (1 .4 g. 48.3%) as colorless crystals. 

Melting point: 109-113 *C 

NMR(DMSOd6; 6. ppm): 1.41 (s, 6H). 3.06(s. 2H), 3.72 (s, 3H), 4.22(s. 2H), 6.74(d. J=8.4Hz. 1H). 6.80 (d. 
J=8.4Hz, 1H), 7.29(d, J=6.4Hz. 2H), 7.36(d, J^.4Hz. 2H) 
IR(KBr. cm-^): 1572. 1506. 1450. 1439 
MASS(mfe): 301(M+), 191 



Elemental analysis: Ci7Hi9NO2S-0.1H2O 


Found (%) 
Calcd.(%) 


C:67.34. 
C:67;30. 


H.'6.38. 
H:6.45. 


N:4.62 
N:4.93 



Example 49 

(±)-7-Melhoxy-2.2<limethyl-4-[1-phenyl-H4-pyridylthio)nTethyO-2,3 (Compound 49) 

SubstantiEUly the same procedure as in Step B of Example 48 was repeated using Conpound llaj-a (0.22 g) 
obtained in Step A off Reference Example 36 to give Coir^und 49 (0.20 g, 68.2%) as a pale-yellow oily substance. 

NMR(DMSOd6. 6. Ppm): 1.35(s, 3H), 1.40(s. 3H). 2.90 (d, J=15.3Hz. 1H). 3.13(d. J=15.8Hz. 1H). 3.32(s. 3H). 
5.99(S, 1H). 6.77(d, J=8.4Hz. 1H). 6.83(d. J=8.4Hz, 1H). 7.18(d. J=7.0Hz. 2H). 7.26-7.48(m, 5H). 8.30(d. J=6.9Hz. 
2H) 

IR(cm-^): 1600. 1574. 1506, 1439 
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Example 50 

4-[2-(3.5-DicMoro-4-pyridyl)ethyq-2.2-diethyh7-methoxy-2,3^^ • methahesuKbnate (Compound 50) 

(Step A) (:i)-4-[2-(3.5-Dichloro-4-pyridyQ-1-hydroxyethyn-2,2<liethyt-7-nietho^^ (Compound 
50a) 

8uk>stantially the same procedure as in Step A of Example 45 was repeated using Compound lib (9.0 g) obtained 
in Reference Example 2 to give Compound 50a (7.8 a 51 .1%) as a pale-yellcw oily substance. 

NMR(DMS(>d6. A PPm): 0.77(t, J=6.9H2. 3H), 0.85(t. J=7.4Hz, 3H), 1.54-1.58 (m, 2H), 1.64(q, J=7.4Hz, 2H), 
2.73(d, J=15.8H2, 1H), 3.00(d. J=16.3Hz. 1H). 3.06-3. 13(m. 1 H), 3.25-3.30(m, 1H).3.72(s. 3H). 4.86-4.91 (m, 1H), 
5.40 (d. J=4.0Hz. 1H), 6.73(s. 2H). 8.54(s, 2H) 
MASS(m/e): 397, 395(M*), 235 

(Step B) (Compound 50) 

Substantially the same procedure as in Step B of Example 45 was repeated using Compound 50a (4.6 g) obtained 
in Step A to ^ve 4-[2-(3»5-dichloro^-pyridyOethyq-2^<liethyl-7HTiethGKy-2.3<iihydr^ (2.6 a 59.6%) as a 

colorless dly substance. The obtained colorless oily substance was dissolved in diethyl ether and mettianesuKontc acid 
was added thereto. The precipitated crystals were collected by filtration, washed with diethyl etiier, and dried to give 
CompourxISO. 

Melting point: 87-90*C 

NMR(DMSO-d6, B. ppm): 0.83(t d=7.4Hz. 6H). 1.64(q, d=7.4Hz. 4H). 2.49(s. 3H). 2.70(t J=8.4Hz. 2H). 2.87(s, 
2H), 3.08(t J=8.4Hz, 2H). 3.71 (s, 3H). 6.50(d, J^.4H2. 1 H). 6.70(d. J=8.4Hz. 1 H). 8.58 (s. 2H) 
MASS(m/e): 381, 379(M*), 219 
iR(cm-^): 2600-2200(br). 1506 ' 



Elemental analysis: 




Ceo 




CH3SO3H 




Found (%) 


C:46.39, 


H:5.54. 


N:2.41 


Calod:(%) 


C:46.15, 


H:5.46, 


N:2.45 



MASS(m/z): 377(M+). 267 

Example 51 2.2-Di6thyl-7-metiiQxy-4-[2-(4i3yndyOethyg-2.3Kiihydrobenzofu^ • hydrochloride (Compound 51) 

(Step A) (±)-2.2-Diet^yl-4^1-hydroxy-2-(4-py^idyOethyQ-7-methcxy-2,3<fihy^ (Compound 51 a) 

Sut^stantially the same procedure as in St^ A of Example 46 was repeated using Compound lib (20 g) otrtained 
in Reference Example 2 to give Compound 51a (27.6 g, 98.7%) as a colorless oily substance. 

NMR(DMSCki6. 6. Ppm): 0.74-0.86(m. 6H). 1.51-1.66(m. 4H). 2.71(d. J=15.8Hz. 1H), 2.79-2.96(m, 3H), 3.72(s, 
3H). 4.71(m, 1 H). 5.27(d, J=4.45H2. 1H). 6,74(s, 2H), 7.12(d. J=5.9Hz. 2H), 8.39(d, J=5.9Hz, 2H) 
MASS(m/e): 327(M*). 235 

(Step B) (Compomd 51) 

Substantially the same procedure as in Step B of Example 46 was repeated using Conpound 51 a (23 g) obtained 
in Step A to give 2,2-diethyf-7-methoxy-4-[2-(4-pyridyOettTyl]-2,3-dihydrobenzofuran (8.46 g. 38.6%) as a colorle^ oily 
substance. The obtained colorless oily substance was dissolved in ethyl acetate and a hydrochloric addrethyl acetate 
solution was added thereto. The precipitated crystals were collected by filtration, washed with ettiyl acetate, and dried 
to give CompouTKl 51 . y • 
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Melting point: 189-192 *»C 

NMR(DMSO-d6. PPn^): 0-83(t. J=7.4Hz, 6H), 1.63(q. J=7.4H2. 4H). 2.84{t J=6.9H2. 2H), 2.87(s, 2H). 3.13(t, 
J=6.9Hz, 2H), 3.71 (s. 3H), 6.54(d, J=8.4Hz, 1 H), 6.69(d, J:=8.4Hz, 1H), 7.89(d, J=6.4Hz. 2H). 8.80{d. J=:6.4Hz. 2H) 
MASS(m^e): 312(M*). 220 
IR{cin-^): 2970, 1635, 1593. 1508 



Elemental analysis: C20H25NO2 • HQ 


Found (%) 
Calcd.(%) 


C:69.06. 
Cm05. 


H:7.69. 
H:7.53. 


N:4.00 
N:4.03 



Example 52 

4-[2K3,5-Dichloro-4-pyridyOettiylh7-m^haxy-€piro[2.3^^ • methanesulfonate 

(Compound 52) 

(Step A) (i}-442-(3.5-Dichloro-4-pyrklyl)-1-hydraxyelhyO 
(Compound 52a) 

Substantially the same procedure as in Step A of Example 45 was repeated using Compound lie (8.0 g) obtained 
in Reference E»uriiple 3 to give Compound 52a (7.0 g, 51 .4%) as a colorless oily substance. 

NMR(DMSO"d6. 5, ppm): 1.57-1 .91 (m. 8H), 2.93(d, J=16.2Hz. 1H), 3.06-3.1 3Cm. 1H), 3.20(d. J=16.2Hr, 1H), 3.24- 
3.30(m. 1H). 3.32(8, 3H), 4.84-4.90{m, 1H), 5.40(d. J=3.6Hz. 1H), 6,74(s, 2H). 8.54(s, 2H) 
MASS(m/e): 395. 393(l^*) 

(Step B) (Compound 52) 

Substantially the same procedure as in Step B of Example 45 was repealed using Compound 52a (2.8 g) obtained 
in Step A to give 4-[2-<3.5Hiichloro-4-pyridyl)ethyl]-7-methQxy-spiro[2,3<Jih^ (1.1 g. 

40%) as a pale-yellow oily sitetance. The obtained colorless oily substance was dissolved in diethyl ether and meth- 
anesulfonlc acid was added thereta The predpitated crystals were collected by fatration, washed with diethyl ether, and 
dried to give Compound 52. 

Melting point: 130-133 ""C 

NMR(DMSO-d6. 5, ppm): 1 .67-1 .91 (m, 8H). 2.42(s. 3H). 2.69(t. J«7.3Hz. 2H). 3.4-3.09(m. 4H), 3.71 (s. 3H). 6.54(d. 
J=8.3Hz. 1H). 6.71(d. J=8.3hte. 1 H), 8.58(s. 2H) . 
MASS(m/e): 379. 377(M+). 217 
IR(cm-i): 2950(bO, 1621, 1595, 1506 



Elemental analysis: 




CgoHgiagNOg • CH3SO3H 




Found (%} 


C:53.09, 


H:5.42, 


N2.92 


Calod.(%) 


C:53.17, 


H:5.31. 


N2.95 
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Example Si3 ■ 

7-MethQxy-4-[2-(4-pyridyl)ethyq-spiro[2.3<lihydr^^ • hydrochloride (Compound 53) 

(Step A) (±)-4-[1-Hydroxy-2-(4i3yridyOethyl-7-methaxy-spiro[2.^ (Compound 
53a) 

Substantially the same procedure as In Step A of Example 46 was repeated using Compound lie (3.3 g) obtained 
In Reference Example 3 to give Compound 53a (1.3 g, 29%) as a colorless oily substance. 

NMR(DMSO-d6. PPrn): 1.59-1.88(m. 8H), 2.78-2.96(m, 3H). 3.10(d, J=15.8H2. 1H). 3.71(s, 3H). 4.70{q. 
J=4.3Hz. 1H). 5.26(d. J=4.3Hz, 1H). 6.75(s. 2H), 7.13(d, J=5.6Hz, 2H), 8.40(d. J=5.6Hz, 2H) 

MASS(m/z): 325(M-^). 233 

(Step B) (Compound 53) 

Substantially the same procedure as in Step B of Example 46 was repeated using Compound 53a (0.5 g) obtained 
in Step A to give 7-methoxy-4-[2-(4i:9yridyQethyq-spiro[2,3<lihydrobenzofuran-2J'-cyd^ (0.037 g. 7.8%) as a 
colorless oily substance. The obtained colorless oily substance was dissolved in ethyl acetate and a hydrochloric add- 
ethyl acetate sdution was added thereta The precipitated crystals were collected by filtration, washed with ethyl ace- 
tate, and dried to give Compound 53. . 

Melting point: 167-169 *^C 

NMR(DMSO-d6. S. Ppm): 1-68-1.79(m, 6H). 1.84-1.92(m. 2H). 2.83(t. J=:7.9Hz, 2H). 3.08(s, 2H). 3.11(t J«7.9H2. 
2H). 3.70(s, 3H). 6.56(d. J=8.4Hz. 1H). 6.70(d, J« 8.4Hz, 1H), 7.86(d. J=6.4Hz, 2H). 8.78(d. J=6.9Hz. 2H) 
MASS(nVe): 309(M*). 217 
IR(cm"^): 1635. 1507 



Elemental analysis: 




. C20H23NO2 • HCl • O.3H2O 




Found (%) 


C:68.48. 


H«.97. 


N:3.91 


Calod.(%) 


C:68.39. 


H:7.06. 


N:3.99 



Example 54 

4-[2-(3.5-Dichloro-4-pyridyl)elhyQ-7-melhaxy-spiroI2,3KJihyd . methanesUfbnate 

(Compound 54) 

(Step A) (±)-4-[2-(3,5-Dichloro-4-pyridyl)-1-hydraxyethyll-7-melhoxy-spiroI2,3-dlhydr^ 
(Compound 54a) 

Substantially the same procedure as in Step A of Example 45 was repeated using Compound IM (6.6 g) obtained 
in Reference Example 4 to give Compound 54a (9.3 g. 85%) as a coloriess oily substance. 

MeWng point: 104-108 C 

NMR(DMSOd6. 5. ppm): 1.41(brs. 5H), 1.48-1 .60(m. 5H). 2.66(d. J=15.7Hz. 1H). 2.98(d. J=15.8Hz, 1H). 3.06- 
3.13{m. 1H). 3.25-3.30(m. 1H). 3.73(s, 3H), 4.84-4.90(m. 1H). 5.41(d. J=3.9Hz, IHj. 6.74(s, 2H), 8.54(s, 2H) 
MASS(nVe): 409, 407(M+), 247 

(Step B) (Compound 54) 

Substantially the same procedure as in Step B of Exarrple 45 was repeated using Compound 54a (5.5 g) ok>tained 
in Step A to give 4-[2-(3.5KJichloro-4i3yridyQethyq-7-hiethoxy-spir^^ (2.7 g. 

51%) as a pale-yellow oily substance. The obtained coloriess oily 5ut>stahce was dissolved in dietfiyl ether and meth- 
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anesulfonic acid was added thereta The precipitated crystals were coHected k)y filtration, washed with diethyl etfier. and 
dried to give Compound 54. 

Melting point: 91 -94'*C 

NMR(DMSO-d6. 5, ppm): 1.42(brs, 4H). 1.53-1.65(m, 6H). 1.42(s. 3H). 2,70(t. J=8.4H2, 1H), 2.84{s. 2H). 3.08(t, 
J=8.4Hz, 1H), 3.72(s. 3H). 6.53(d, J=8.4Hz. 1H), 6.71(d, J=8.4Hz, 1H), 8.58{s. 2H) 
MASS(m/e): 393. 391 (M*), 231 
IR(cm-^):2930{l)r), 1506 



Elemental analysis: 
C21H23CI2NO2 • I.5CH3SO3H 



Found (%) 


C:50.65. 


H:5.53. 


N.2.55 


Calcd.(%) 


C:50.37. 


H:5.45. 


N:2.61 



Example 55 

7-Methoxy-4-[2-(4-pyridyl)ethyQ-spiro[2,3-dihydrobenzofuran-2,1'-cyclohexane] • hydrochloride (Compound 55) 

(Step A) (i)-4-[2-HydrQxy-2-(4i3yridyOethyn-7-mettK)xy-spiro[2.3<iihydrobenzofuran-2J*K^ (Compound 
55a) 

Suk>stanlially the same procedure as in Step A of Example 46 was repeated using Compound lid (50 g) obtained 
in Reference Example 4 to give Compound 55a (64.3 g, 93.3%) as a colorless oily sut>stance. 

NMR(DMSO<l6. 5. ppm): 1.40-1 .76(m. 10H). 2.65{d, J=15.8Hz, 1H). 2.77-2.96(m. 3H). 3.72(s, 3H), 4.66-4.73(m. 
1H), 5.25(d. J=4.0H2. 1H), 6-75(s. 2H), 7.11(dd, J=:1.5, 4.5Hz. 2H), 8.38(dd. J=1.5. 4.5Hz. 2H) 
MASS(m^e):339(M+) 

(Step B) (Compound 55) 

Sutjstantialty the same procedure as in Step B of Example 46 was repeated using Conpound 55a (30 g) obtained 
in Step A to give 7-methoxy-4-[2-(4-pyridy06thyq-^ro[2,3<tihydrobenzofuran-2J'-cycloh6^ (5.6 g. 20%) as a 
colorless oily sut)stance. The obtained colorless oily substance was dissolved in ethyl acetate and a hydrochloric acid- 
ethyl acetate sdution was added thereta The precipitated crystals were collected by filtration, washed with ethyl ace- 
tate, and dried to give Compound 55. 

Melting point: 176-179 ''C 

NMR(DMSO-d6. 6. PP^")- 1-43-1.53(m. 4H). 1.58-1.64(m. 6H). 2.81-2.85(m. 4H). 3.13(t, J=7.9Hz. 2H), 3.71(s, 3H). 
6.55(d. J=8.4H2. 1 H), 6.70{d, J=8.4Hz, 1 H), 7.89(d, J=6.4Hz. 2H). 8.81 (d. J=6.9Hz. 2H) 
MASS(nVe): 323{M*), 231 
IR(cm-^): 1634. 1506, 1437 



Elemental analysis: C21H25NO2 • HCI 



Found (%) 


Cfi9.97. 


H:7.42, 


N:3.81 


CalGd.(%) 


C:70.08, 


H:7.28. 


N3.89 
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Example 56; • • • " : 

(±)-4-p-X3,5-Dlchloro-4i3yridyOethyq-7-methoxy-3-me!^ (Corhpound 56) 

(Step A) 4-[2-<3.5-Dichloro-4i3yriclyl)-1-hydrQxyethyQ-7HTiem (Compound 56a) (a 

mixture of diastereomers) 

Under an argon atmosphere, a solution (25 ml) of 3,5-dichloro-4-methylpyridine (1 .1 g) in THF was cooled to -78''C, 
and then a 1 .69M solution (4.9 mQ of butyl Ptthium in hexane was dropwse added to the solution, followed by stirring at 
the same temperature for one hour. A solution (25 ml) of Compound He (1 .5 g) ol3tained in Refjsrence Example 5 in THF 
was slowly and dropwise added to the mixture, followed by stirring at -78^C for one hour and then at O^C for one hour. 
The reaction solution was poured into water and the mixture was extracted with ether. The organic layer was washed 
with a saturated safine and dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced 
pressure. The residue was purified by silica gel column chromatography (chloroform/methanol = 50/1) to give Com- 
pound 56a (2.35 g. 85.0%) as a coloriess oily substance. 

NMR(DMSO-d6. 6. ppm): (main product) 1.22(d, J=6.93Hz. 3H). 3.10(d. J=4.95Hz, 1H). 3.24-3.32(m, 1H). 3.75(s, 
3H). 4.13-4.14(m. 1H). 4.34(t J=8.25Hz. 1H). 4.99-5.06(m. 1H). 5.39(d. J=5.28Hz. 1H), 6.86(d, J=8.35H2. 1H). 
7.00(d, J=8.58H2. 1H). 8.57(s. 2H). (by-product) 1.22(d. J=6.93H2. 3H), 3.05(d. J=4.95Hz. 1H). 3.24-3.32(m, IH). 
3.75(s, 3H), 4.16-4.17(m. IH). 4.44(t, J=8.25Hz. IH). 4.94-4.99{m, IH). 5.28(d, J=4.29Hz. IH). 6.82-6.88(m. 2H). 
8.31 {S,2H) 

IR(cm-^): 1625. 1507. 1439 
MASS(nfVz): 355(M*+2). 353, 191 

(Step B) (Compound 56) 

Under an argon atmosphere, a solution (28 ml) of Compound 56a (1 .0 g) obtained in Step A in methylene chloride 
was cooled to -78''C. and tiien boron trif luoride ether complex (0.69 ml) and triethylsilane (1 .35 ml) were successively 
added thereta followed by stirring at 0**C for 2 hours. The reaction solutfon was poured into a saturated aqueous solu- 
tion of sodium bicartx>nate and the mixture was extracted with chloroform. The organic layer was washed with a satu- 
rated saline and dried over anhydrous magnesium sulfote. and the solvent was distilled off under reduced pressure. The 
residue was purified by silica g^ column chromatography (chforofbrm/methanol » 50/1) to give Compound 56 (0.62 g, 
64.9%) as pale-yellow oily crystals. 

NMR(DMSOds. 6. ppm): 1-23(d. J=6.93Hz. 3H). 2,e9-2.78(m. 2H). 3.08-3.15 (m. 2H). 3.46-3.52(s. IH). 3.74(S, 
3H). 4.15-4.20(m. IH). 4.48(t. J=8.58H2, IH). 6.63(d. J=8.25Hz. IH). 6.78(d. J=8.58Hz, IH). 8.61(s. 2H) 
IR(KBr. cm"^): 1623, 1510, 1451. 1434 
MASS{nVz):339(M*+2). 337(h/r), 177 



Elerhental analysis: C17H17CI2NO2 


Found (%) 
Calcd.(%) 


C:60.37, 
C:60.48. 


H:5.d7. 
H:5.26. 


N:4.14 
N:4.03 



Example 57 

(±)-7-Methoxy-3^methyl-4-[2-(4i3yridyl)ethyQ-2.3-dihydrobenzofuran( 

(Step A) 4-[1-Hydraxy-2-(4-pyridyOethyO-7HTiethoxy-3-methyl-2.3-dihydrobenzofuran (Compound 57a) (a mixture of 
diastereomers) 

Under an argon atmosphere, a solution (25 ml) of 4-methylpyridine (0.66 mO in THF was cooled to -78''C. and then 
a 1.69M solution (4.9 ml) of butyl lithium in hexane was dropwise added thereto, followed by stirring at the same tem- 
perature for one hour. A solution (25 ml) of Compound tie (1 .5 g) obtained in Reference Example 5 in THF was slowly 
and dropwise added to the mixture, followed 1:^ stirring at -78''C for one hour and then at O'^C for one hour. The reaction 
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solution was poUred into water and the mbdure was extracted with ether. The organic layer was washed with a saturated 
saline and dried ever anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The res- 
idue was purified by silica gel column chromatography (chloroform/hiethanol » 50/1) to give Compound 57a (1.64 g. 
73.6%) as colorless crystals. 

Melting point: 96-100 "C 

NMR(DMSOKi6. 6. ppm): (main product) 1.18(d. J=6.93Hz. 3H), 2.83-2.97(m. 2H). 3.74{s, 3H). 4.10-4.18(m. 1H), 
4.31(t J=8.54Hz, 1H), 4.73-4.84{m. 1H). 5.25{d. J=4.62H2, 1H). 6.81-6.94(m. 2H), 7.16(d, J=4.62H2. 2H). 8.41(d, 
J=4.62H2, 2H), (byiwoduct) 1.10(d, J=6.93Hz. 3H), 2.83-2.97{m. 2H), 3.74(s, 3H). 4.10-4.18(m, 1H), 4.44(t, 
J=8.25Hz. 1H), 4.73-4.84(m, 1H), 5.31(d, J=4.62Hz, 1H), 6.81-8.94(m. 2H), 7.23(d, J=:4.61H2. 2H), 7.43(d, 
J=4.61Hz.2H) 

IR(KBr, cm-^): 1609. 1508. 1432 
MASS(m/2): 285(M-^). 193 

(Step B) (Compound 57) 

Under an argon atmosphere, a solution (17 ml) of Compound 57a (0.6 g) obtained in Step A in methylene chloride 
was cooled to -TS^C. and then boron trifluoride ether complex (0.42 ml) and triethylsileme (0.8 mQ were successively 
added thereto, followed by stirring at O^^C for 2 hours. The reaction solution was poured into a saturated aqueous sdu* 
tion of sodium bicartx>nate and the mixture w^ extracted with chloroform. The organic layer was washed with a satu- 
rated saline and dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The 
residue was purified by silica gel column chromatography (chloroform/imethanol = 30/1) to give Compound 57 (0.042 g. 
9.1%) as a pale-yePow oily 5ut)stance. 

NMR(DMSO-d6. 6. ppm): 1.16(d. J=6.93Hz. 3H). 2.76-2.92(m. 4H). 3.40-3.47(m. 1H). 3.72(s. 3H). 4.11-4.16(m. 
1 H). 4.44(t. J=8.58Hz. 1 H). 6.66(d. J=8.25Hz, 1 H), 6.76{d. J=8.24Hz. 1 H). 7.26(d. J=4.95Hz, 2H). 8.46(brs. 2H) 
IR(cm-^): 1602, 1510. 1435 
MASS(m/z): 269(M*). 1 77 

Example 58 

7-f^ethoxy-3-methyl-4-[1-phenyl-2-(4i>yridyQethyl]-2.3<lihydrobenzofuran (Compound 58) (a mixture of dtasterepnv 
ers) 

(Step A) 4-[1 -Hydroxy-1-phenyl-2-(4-pyridyl)ethyl]-7-methoxy-3-methyl-2.3-dihydrobenzofuran (Compound 58a) (a 
mixture of diastereomers) 

Under an argon atmosphere, a solution of 4-methylpyridine (0.83 ml) in THF (50 ml) was cooled to •78*'C. arxl then 
a 1 .69M solution (5.0 mQ of butyl lithium in hexane was added thereto, followed by stirring at tiie same temperature for 
one hour. A solution of Compound llak (2.0 g) obtained In Reference Example 37 in THF (20 vnS) was skwvty and drop- 
wise added to the mixture, followed by stirring at O^C for 2 hours. The reaction solution was poured irtto water arxi the 
mixture was extracted with ether. The organic layer was washed with a saturated saline and dried over anhydrous mag- 
nesium sulfate, and the solvent was distilled off under reduced pressure to give a crude product of Compound 58a (0.87 
g) as yellowish brown crystals. This crude product was subjected to a sut^sequent step without being purified. 

(Step B) (Compourxi 58) 

Under an argon atmosphere, a solution of Compound 58a (0.4 g) ol>tained in Step A in methylene chloride (3 ml) 
was cooled to -78°C, and then boron trifluoride ether complex (0.3 ml) and triethylsilane (0.52 mQ were successively 
added thereto, followed by stirring at O^'C for 2 hours. The reaction solution was poured Into a saturated aqueous solu- 
tion of sodium bicarkx)nate and the mixture was extracted with chloroform. The organic layer was washed with a satu- 
rated saline and dried over anhydrous magnesium sulfate, and tiie solvent was distilled off under reduced pressure. The 
residue was purified l>y silica gel column chromatography (chloroform/methanol » 30/1) to give Compound 58 (a mix- 
ture of diastereomers) (0.27 g. 56.7%) as pale-yellow cr^tals. 

NMR(DMSO<l6. 6. Ppm): (main product) 0.61 (d, J=6.93Hz. 3H), 3.23-3.33(m. 1H), 3.42(d. J=2.53H2. 1H). 3.53(d. 
J=2.54H2. 1 H), 3.74(s, 3H), 3.97-3.99(m, 2H), 5.78(m, 1H). 6.77-6.86(m. 4H). 7.15-7.32(m. 5H). 8.24-8.26(m, 2H). 
(by-product) 0.77(d, J=6.93Hz, 3H). 3.27-3.55(m, 3H), 3.74(s. 3H). 3.97-3.99(m. 2H). 5.74{m. 1H). 6.77-6.86(m, 
4H). 7.15-7.32{m, 5H). 8.21-8.26(m. 2H) 
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IR(cm-^): 1605. 1506, 1447 
MASS(nVz):345(Wr) 

Example 59 

(±)-7-Mefthoxy-3-methyl-4-(4i3yridytthiomethyO-2.3<il^ (Compound 59) 

(Step A) (i^-4-Hydroxymethyl-7HTiethoxy-3-methyi-2,3<lihydrobenzofura^ (Compound 59a) 

Substantially the same procedure as in Step A of Example 48 was repeated using Compound lie (7:o g) obtained 
in Reference E3»mple 5 to give Compound 59a (6.0 g. 85.0%) as a colorless oily siibstance. 

NMR(DMS0^6. PPm): 1.19(d. J=6.93H2, 3H), 3.53-3.59(m, 1H). 3.71(s. 3H). 4.14(dd, J=8.75Hz, 4.29Hz. iH). 
4.37-4.52(m. 3H), 4.99(t. J=5.61 Hz, 1 H). 6.77(s. 2H) 
MASS(m/z): 194(M+) 

(Step B) (Conpound 59) 

Substantially the same procedure as in Step B of Example 48 was repeated using Compound 59a (1.5 g) obtained 
in Step A to give Compound 59 (1 .5 g. 68%) as a colorless oily substance. 

= Melting point: 110-112 •C 

NMR(DMSC><i6. 6. ppm): 1.25(d. J=6.93Hz, 3H), 3.62-3.69(m, IH), 3.74(s, 3H), 4.18(dd, J=3.96Hz. 8.74Hz, IH), 
4.30{s. 2H). 4.53(t. J=8.58Hz, IH), 6.79{d. J=8.25Hz. IH). 6.85(d, J=8.25Hz. IH). 7.32(d. J=5.94Hz. 2H), 8.38(d. 
J=5.94Hz. 2H) 

IR(KBr. cm"^): 1618. 1575, 1506. 1439 
MASS(m^z):287(Wr). 177 



Elemental analysis: C16H17NO2S 


Found (%) 
Calod.(%) 


C:66.87. 
C:66.94, 


Hi5.96. 
H:5.92. 


N:4.87 
N:5.08 



Example 60 . 

(±)-7-MethQ)^-3-methyl-4-[1-phenyl-1-(4-pyridylthio)methyl]-2,3-dih^ (Compound 60A and Coifipound 

60B) 

Substantially the same procedure as in Step B of Example 48 was repeated using Corrpound llak-a (2.6 g) 
obtained in Sitep A of Reference Example 37 to give Compound 60A and Compound 60B I60A (0.1 1 g. 3.1%) and 608 
(0.19 g, 5.4%)] each as colorless crystals. 

Compound 6QA 

Melting point: 59-62 

NMRpMSOde, PPm): 1.31(d. J=6.93Hz, 3H). 3.57-3.63(m, IH)* 3.72(s, 3H). 4.20(dd. J=3.63H2. 8.75Hz, IH). 
4.47(t. J=8.58Hz. IH). 5.99(s. IH). 6.82(d. J=8.58Hz. IH). 6.90(d. J=8.24H2. IH). 7.17(d. J«5.94Hz, 2H). 7.23- 
7.36 (m. 3H). 7.51 -7.54(m. 2H). 8.31 (d, J=6.27Hz. 2H) 
IR(KBr»cm*Vl620, 1572. 1504. 1433 
MASS(m/z): 363(M*). 253 
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Elemental analysis: C22H2iNO^*0.5H2O 


5 


Found (%) 


C:70.94. 


H:5.95. 


N3.76 




Calcd.(%) 


C:70.85. 


H:5.84, 


N:3.85 



10 

QQmpQMPd 6QB 

Melting point: 84-85 °C 

NMR(DMSO-d6. 6, ppm): 1.02(d. J=6.93Hz, 3H), 3.65-3.85(m. 1H). 3.73(s. 3H). 4.19(dd. J=2.97Hz. 8.91Hz, 1H), 
IS 4.52(t. J=8.58Hz. 1H). 6.09(s, 1H). 6.84(d. J=8.58Hz. 1H), 6.94(d, J«8.25Hz. 1H), 7.16(d, J^.27Hz, 2H). 7.25- 

7.39(m. 3H). 7.49-7.52(m, 2H). 8.29(d, J=5.94Hz, 2H) 
IR(KBr, cm*^): 1819, 1569, 1506, 1437 
MASS(nVz): 363(M^, 253 

20 



Elemental analysis: C22H2iNO2S*0.2H^ 


Found {%) 
CalGd.(%) 


C:71.99, 
C:71.9S, 


H:5.88, 
H5.79. 


N:3.82 
N3.90 



Example 61 

30 

(±)-7-Methoxy-3HTiethyl-4-(4-pyridylaminomethyl)-2,3-dihydrobenzofuran (Conpound 6t) 

Substantially the same procedure as in Step B of Example 48 was repeated using Compound 59a oblained in Step 
A of Example 59 and using 4-aminopyridlne instead of 4-nfercaptQpyridine to give Compound 61 (26.5%) as colorless 
35 crystals. 

Melting point: 138-145 •C 

NMR(DMSO<J6. 5, ppm): 1.23(d. J=6.43Hz. 3H), 3.59-3.79(m, 1H), 3.73(s, 3H). 4.14-4.31(m, 3H), 453 (t, 
J=8.90Hz. 1H), 6.52(d, J»4.95Hz, 2H), 6.73(d, J=8.41Hz, 1H), 6.79(d, J=8.41Hz, 1H), 6.98(t>rs. 1H), 8.01(d, 
40 J=5.44Hz,2H) 

IR(KBr, cm*^): 1600, 1523, 1508, 1437 
MASS(nVz): 270(M-^). 1 77 

Example 62 

45 

(±)-4-[2-(3.5-Dichloro-4-pyridyl)-1 -methoxyethyl]-7-methoxy-2.2-dimethyl-2.3-dihydrobenzofuran (Compound 62) 

p-Toluenesulfonic acid (1.0 g) was added to a solution (50 ml) of Compound 45a (2.0 g) obtained in Step A of 
Example 45 in methanol at room tenperature. follcwed by heating under reflux. The reaction solution was cooled and 
so then the solvent was distilled off under reduced pressure; A saturated aqueous solution of sodiimi bicarbonate was 
added to the residue, followed by extraction witii chloroform. The organic layer was washed with a saturated saline and 
dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was 
purified by silica gel column chromatography (chloroform) to give Compound 62 (1.0 g, 48.2%) as a pale-yellow oily 
8uk>stance. 

ss 

Melting point: 89-93 *C 

NMR{DMSO-d6. 6, ppm): 1.31{s, 3H). 1.41(s. 3H), 2.74 (d. J«l5.51Hz, 1H), 3.04 (s, 3H). 3.07-3.15(m, 2H), 3.29- 
3.42(m, 1H), 3.73(s. 3H), 4.47(dd, J=6.59Hz, 7.59Hz. 1H), 6.64(d, J«8.58Hz, 1H), 6.79(d, J=8,25Hz, 1H), 8.56(S. 
2H) 
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MASS(rTVe): 383. 381 (M*). 221 
IR(KBr. cm-^): 1822. 1506, 1436 



Elemental analysis: C-j9H2iCl2N03 


Found {%) 
Calcd.(%) 


C:59.96. 
C:59.70, 


H:5.61. 
H:5.54. 


N:3.56 
N:3.66 



Example 63 

(±)-4-[1 -Cyano-2-(3,5<Jichloro-4-pyridyl)ethyQ-2,2-dimethy1-7HTie4hoxy-2,3<lilTy^ (Compound 63) 

A solution (70 n^) obtained in Step A of Example 45 of Compound 45a (2.5 g) in methylene chloride was cooled to 
C'C and then trimethylsilylcyantde (5.4 ml) and boron trifluoride ether complex (2.5 ml) were successively added 
thereto, followed by stirring at O^C for 2 hours. The reaction solution was poured into a saturated aqueous solution of 
sodium bicarbonate and the nruxture was extracted with chforoform. The organic layer was washed with a saturated 
saline and dried ever anhydrous magnesium sulfate, and the solvent was distiDed off under reduced pressure. The res- 
idue was purified by silica gel column chromatography (chlorofbrm/methanol = 30/1) to give Compound 63 (0.61 g, 
23.8%) as paie-yeltow crystsUs. 

Melting point: 158-162 *C 

NMR(DMSO-d6. 5. ppm): 1.34{s, 3H), 1.40(s. 3H). 2.83 (d. J=i15.51Hz, 1H). 3.16(d. J=15.51Hz. 1H). 3.44-3.53(m, 
2H). 3.74<s. 3H). 4.42(t J=a25. 1H). 6.80(d, J==8.2Wz. 1H), 6.87(d, J=7;92te^ 
MASS(m/e): 378. 376(M*). 216 
IR{KBr, cm-^): 2248, 1622, 1506, 1437 



Elemental analysis: C<|gH^8Cl2N202 


Found (%) 
Calcd.(%) 


C:60.42. 
C:60.49. 


H:4.93. 
H:4.81. 


N:7.54 
N:7.43 



Example 64 

■■ * . . ' '\ ' 

(iO-4-[1-Cyano-2-(4-pyridyQethyq-7-methaxy-spiro[2.3^ • hydrochloride (Com- 

pound64) 

Sut)stantialiy the same procedure as in Example 63 was repeated using Compound 53a (6.6 g) obtained in Step A 
of Example 53 to give Ct)-4-[1 -cyano-2-(4-pyridyOethyQ-7-methQxy-spiro[2,3-dihydrobenzofuran-2, 1 *-cyclopentane] (2.2 
g. 32%) as a pale-yellow oily substanca Then, substantially tfie same procedure as in Exanrple 51 was repeated using 
the obtained oily sutsstance to give Compourxi 64. 

Melting point: 187-189 'C 

NMRCDMiSOde. 6, ppm): 1.73(s. 8H). 3.16(d. J»16.2Hz. 1H). 3.31(d, J»15.8Hz. 1H), 3.37-3.56(m, 2H). 3.74(s, 
3H). 4.64(t. J=7.6Hz. 1 H), 6.75(d. J=:8.2H2. 1 H). 6.84(d, 0=8.3Hz. 1H), 7.91 (d, J=5.6Hz, 2H). 8.87(d. J=5.6Hz. 2H) 
MASS(m/e): 334{M*), 242 
IR(KBr, cm- V- 2243. 1633, 1508 
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Elemental analysis: C21H22N2O2 * HQ • HgO 


Found (%) 
Calcd.(%) 


C:67.38, 
C.^7.35. 


H:6.29. 
H.^.30. 


N:7.19 
N:7.48 



Example 65 

{±)-4-[1 -Cyano-1 -methyl-2-{4i3yrldyl)ethyl]-7HiiethQxy-spiro[2,3<iihydrobenzofuran-2 1 -cydopentanel • hydrochloride 
(Corrpound 65) 

(Step A) (±)-4-[1-HydrQxy-1-methyl-2-(4-pyrldyQethyq'7-^ethQxy-spi 
(Compound 65a) 

substantially the same procedure as in Example 46 was repeated using ConpourKi Man (2.7 g) obtained in Refer- 
ence Example 40 to give Compound 65a (2.8 g. 74.7%) as a colorless oily substance. 

(Step B) (Compound 65) 

Substantially the same procedure as in Example 63 was repeated using Compound 65a (1 .8 g) obtained in Step A 
to give {±)-4-[1<yano-1-methyl-2-(4-pyridy0ethyl]-7-methoxy-spiro[2,3<lihydroben2Ofuran-2.1'-^ (0.35 g, 

18.9%) as a pale-yellow oily substance. Then, substantially the same procedure as in Example 51 was repeated using 
the obtained oily substance to give Compound 65. 

Melting point: 142-144 "^C 

NMR(DMSO-d6. 6. ppm): 1.74-1.94(m. 11H), 3.17(d. J=15.8Hz. 1H), 3.21(s. 2H). 3.40(d. J=16.3Hz, 1H). 3.75(s, 
3H). 6.70{d. J=8.9H2, 1 H). 6.82(d, J=8.9Hz. 1 H). 7.04(d. J=5.8Hz, 2H). 8.46(d. J=5-9H2. 2H) 
MASS(m/e): 348(M*) 

Example 66 

(dt)-7-Methoxy-4-[1-phenyl-2-(4-pyrtdyOethyl]-2-(4i3yridyl)berizofuran • hydrochloride (Compound 66) 

Sut^stantially the same procedure as in Example 47 was repeated using Compound Hal (0.45 g) obtained in Refer- 
ence Example 38 to give Ct)-7-methoxy-4-[1-pher^2-(4-pyridyl)ethyQ-2-(4-pyridyOk>erizofw (0.28 g. 50%) as a pale- 
yellow solid. Then, substantially the same procedure as in Example 51 was repeated using the obtained crystals to give 
Compound 66. 

Melting point: 183-185 *C 

NMR(DMSO-d6. 5. ppm): 3.88(d-like. J=8Hz, 2H), 3.96(s. 3H). 4.93(t-like. J=8Hz. 1H), 7.08(d. J=8.5Hz, 1H), 7.1- 

7.4(m, 3H), 7.43(d. J=8.5H2, 1 H). 7.50 (d. J=7Hz. 2H). 7.94(d, J=6H2. 2H). 8,33(d, J=6Hz. 2H), 8.55(s. 1 H). 8.75(d, 

J=6Hz. 2H). a92(d. J=6Hz, 2H) 

IR(KBr. cm"^): 2840. 1630. 1590. 1560, 1200 

MASS(m/e): 406(M+);348, 315 



Elemental analysis: 




C27H22NO2 • 2.0HCI • 1 .7H2O 


Found (%) 


C:63.63. 


H:5.33. 


N:5.23 


Calcd.(%) 


Cfi3.58. 


H:5.41. 


N:5.49 
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Example 67 . . ; • - . 

(E)-4-[2-(3>Dichloro-4i:^riclyOemer^Q-7-rne^^ (Compound 67) 

p-ToluenesuIfonic acid (0.8 g) was added to a suspension of Conpound 45a (1 ,0 g) obtained in Step A of Example 
45 in toluene (27 ml), followed by heating under reflux for 30 minutes. After being allowed to stand for cpoilng. a satu* 
rated aqueous solution of sodium bicartx)nate was added to the reaction solution for neutralization, followed by extrac- 
tion with ether. The organic layer was washed with a saturated saline and dried oyer anhydrous magnesium sulfate, and 
the solvent was distilled off urxler reduced pressure. The resultant residue was purified by silica gel column chromatog- 
raphy (chloroform/methanol = 20/1 ) to give Compound 67 (0.59 g, 62.2%) as yellow crystals. 

Melting point: 114-118 

NMR(DMSO-d6, 6. ppm): 1.44(s. 6H), 3,1 8(s. 2H). 3.80 (s. 3H). 6.91(d, J=8.57Hz, 1H). 6.92(d. J=r16.82Hz. 1H), 
7.16(d, J^.25H2, 1H), 7.36(d. J=16.82H2, 1H), 8.64(s. 2H) 
MASS(m/e): 351. 349(M*) 
IR(cm-^): 1613. 1556, 1508 



Elemental analysis: C18H17CI2NO2 


Found (%) 
Calcd.(%) 


C:61.75, 
C:61.73, 


H:4.87. 
H:4.89, 


N:4.00 
N:4.00 



Example 68 . . 

(E)-7-Methoxy-2.2-diniethyl-4-[2-(4i3yridyOethenyQ-2.3<iihy^ (Compound 68) ' 

Substantially the same procedure as in Example 67 was repeated using Compound 46a (0.2 g) obtained in Step A 
of Example 46 to give Compound 68 (0.17 g, 90.2%) as yellow crystals 

Melting point: 145-149 •C 

NMR(DMS(>d6. 6. ppm): 1.45(s. 6H). 3.24(s. 2H). 3.78 (s. 3H). 6.88(d. J=8.58H2, 1H). 6.97(d. J=16.83H2. 1H). 
7.15(d, J=8.58Hz. 1H). 7.39(d. J=16.49Hz, 1H), 7.54(d, J=5.94Hz, 2H), 8.51(d. J=5.94Hz, 2H) 
IR(KBr. cm"^): 1610. 1589, 1506. 1439 
MASS(m/z): 281(M^, 266 



Elemental analysis: C18H19NO2 • O.2H2O 


Found (%) 
Calod.(%) 


C:75.87. 
C:76.10, 


H«.86. 
H:6.86. 


N:4.92 
N:5.10 



Example 69 

7-Methoxy-2.2<rim(Bthyl-4-[1-methyl-2-(4^riclyOethenyq^^ 

(Step A) (d)<4-[1 -HydrcDcy-l -mel»yl-2-(4-pyridyl)ethyO-7-methaxy-2.2Kiinr^^ (Compound 69a) 

Substantially the same procedure as in Step A of Example 65 was repeated using Compound llan (2.7 g) obtained 
in Reference Example 39 to give Compound 69a (2.8 g, 74.4%) as a pale-yellow oily suk>stance. 

NMR(DMSO-d6. fi. ppm): 1 .22(s. 3H), 1 .33(s, 3H), 1 .45 (s. 3H). 2.83(d. J=16.2, 1 H), 2.91 (s, 2H), 3.16 (d. J=16.2Hz, 
1H). 3.70(s. 3H). 6.67(s, 2H). 6.94(d. J=5.9Hz. 2H). 8.31 (d, J=4.3Hz. 2H) 
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MASS(nVe): 313(M*). 221 
(Step B) (Compound 69) 

Substantially the same procedure as In Example 67 was repeated using Compound 69a (0.6 g) ot)tained in Step A 
to give Compound 69 (o:52 g, 91 .S%) as pale-yelloiv crystals. 

Melting point: 85-87 *C 

NMR(DMSO-d6. 6, ppm): 1.42(s. 6H), 2.22(s, 3H). 3.15 (s, 2H), 3.77(s, 3H). 6.50(s. 1H). 6.85(s. 2H), 7.37(d, 

J=5.9Hz. 2H), a56(d, J=5.9Hz. 2H) 

MASS(m/e): 295(M*) 

IR(KBr. cm'^): 1614, 1593, 1504 



Elemental analysis: C19H21NO2 "O.IHgO 


Found (%) 
Calcd.(%) 


C:76.77, 
C:76.79, 


H:7.22, 
H:7.19, 


N:4.82 
N:4.71 



Example 70 

7-Methoxy-2,2Klimelhyl-4-[1i3henyl-2-(4-pyridyOethenyO-2.3Kli (Compound 70) (a mixture of E/Z) 

Substantially the same procedure as in Example 67 was repeated using Compound 47a (0.3 g) obtained in Step A 
of Example 47 to give Compound 70 (0.28 g, 98.0%) as pale-yellow crystals. 

Melting point: 110-113 ^C 

NMR(DMSO-d6, 5, ppm): (main product;7e%); 1.29(s, 6H), 2.56(s, 2H). 3.76(s, 3H). 6.69(d, J=a58H2, 1 H). 6.74{s. 
1H). 6.84(d. J=8.58Hz. IH). 6.92(d, J=5.93Hz, 2H), 7.10-7.13(m, 2H), 7.36-7.38{m. 3H), 8.32(d, J=5.94Hz. 2H). 
(by-product:22%); 1.21(s, 6H), 2.43(s. 2H), 3.80(s, 3H), 6.54(d. J=8.25Hz, 1H). 6.87(d, J=8.26Hz. 1H). 6.96(d, 
J=5.94Hz. 2H), 7.06(m. 1H). 7.10-7.13(m. 2H). 7.36-7.38(m, 3H), 8.37(d, J=5.94Hz, 2H) 
IR(KBr, cm'^): 1618. 1592, 1506, 1433 
MASS(m/z):357(M+) 



Elemental analysis: C24H23N02 


Found (%) 
Calcd.(%) 


C:80.64. 
C:80.56. 


H:6.49, 
H:6.61, 


N3.92 
N:4.00 



Example 71 

(E)-2,2-Diethyl-7-methoxy-4-[2-(3,5<lichloro-4-pyridyl)ethenyl]-2.3-dihydrobenzofuran • methanesulfonate (Compound 
71) 

Substantially the same procedure as in Example 67 was repeated using Compound 50a (3.0 g) obtained in Step A 
of Example 50 to give (E)-2.2<liethyl-7-meihQxy-4-[2<3,5Hjichloro-4iJyridyl)ethenyO-2.3<lihydrob (2.5 g. 

90.5%) as yellow crystals. Then, substantially the same procedure as in Example 50 was repeated using tThe obtained 
crystals to give Compound 71. 

Melting point: 137-141 ^'C 

NMR(DMSO-d6. 6, ppm): 0.87(t d=7.4Hz. 6H). 1.71(q, d=7.4H2. 4H), 2.36(s, 3H), 3.80(s. 3H), 6.84(d, J=8.4Hz, 
1H), 6.94(d. J=16.8Hz, 1H), 7,14{d, J=8.4Hz, 1H), 7.37{d, J=16.8Hz. 1H), 8.64(s, 2H) 
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MASS(nVe): 379. 377(M*) 
IR(cm-^): 1599, 1508 



Elemental analysis: 






CH3SO3H 




Found {%) 


0:52.93. 


H:5.30. 


N:2.88 


Calod.(%) 


0:53.17. 


H:5,32, 


N:2.95 



Example 72 

(E)-2,2-Diethyl-7-methoxy-4^-(4-pyridyOethe9^ • hydrochloride (Compound 72) 

Substantially the same procedure as in Example 67 was repeated using Compound 51 a (3.0 g) obtained in Step A 
of Example 51 to give (E)-2.2<!iethyl-7-methoKy-4-[2-(4i>yridyQethenyq-2.3Kithydrobenzo^ (2.6 g, 91%) as pale- 
yellow crystals. Then. sut>stantially the same procedure as in Example 51 was repeated using the obtained crystals to 
give Compound 72. 

Melting point: 236-239 'C 

NMR(DMSO-d6» 6, ppm): 0.90(t. J=7.4Hz, 6H). 1.72(q, J=7.4Hz. 4H). 3.27(s. 2H), 3.82(s, 3H). 6.93(d. J=8.9H2. 
1 H). 7.25(d. J«8.4Hz. TH), 7.26(d, J=14.8Hz, 1H), 7.84(d, J=16.3Hz, 1H), 8.19(d. J=6.9Hz. 2H). 8.79(d. J=6.4Hz, 

2H) 

MASS{m/e): 309(M*). 280 
IR(cm-^): 1603, 1571. 1507. 1437 



Elemental analysis: O20H23NO2 - HOI 


Found (%) 
Gaiod.(%) 


Cmi7i 
C:69.45, 


H:7.08. 
H£.99, 


N:4.00 
N:4.05 



Example 73 

(E)'4-p-(3.5-Dichloro-4i3yridyOethenyi]-7-methcKy-spiro^ • methanesul- 

fonate (Conpound 73) ^ 

Substantially the same procedure as in Example 67 was repeated using Compound 52a (4.0 g) obtained in Step A 
of Exanple 52 to give (E)-4-[2-(3.5Kjichloro-4-pyridyOethenyn-7-meihoxy-spiroI2.3<lihy^ 

tane] (1 .8 g. 46.1%) as yellow crystals. Then. sut)stantiaily the same procedure as in Example 50 was repeated using 
the obtained crystals to give Compound 73. 

Melting point: 155-158 **C 

NMR(DMSO-d6;S. PPm)* 1.75-1.79(m, 8H), 1.99-2. 10(m. 2H), 2.38(s. 3H), 3.36(s. 2H), 3.80(s, 3H). 6:90(d. 
J=8.9Hz. 1H). 6.94{d. J»16.8Hz. 1H). 7.16{d, J=8.4Hz, 1H), 7.37(d, J=16.8Hz, 1H). 8.64(s. 2H) 
MASS(m/e): 377. 375(M+) 215 
IR(cm-^): 2935(t)r). 1589. 1566. 1506 
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10 



Elemental analysis: 




C20H19CI2NO2 • CH3SO3H 




Found (%) 


C:53.25, 


H:4.90, 


N2.89 


Calcd.{%) 


C:53.40, 


H:4.91. 


N5.97 



IS 



20 



25 



Example 74 

(E)-7H^ethQxy-4-[2K4iDyridyl)ethenyO-spiro[2.3^ (Compound 74) 

Substantially the same procedure as in Example 67 was repeated using Compound 53a (0.3 g) obtained in Step A 
of Example S3 to give (E)-7-methQxy-4-p-(4-pyridyOethenyO-spirol2,3<lir^ (0.2 g. 

72%) as pale-yellow crystals. Then, substantially the same piocedure as in Example 51 was repeated using the 
obtained crystals to give Compound 74. 

Melting point: 229-231 *»C 

NMR(DMSOd6. 5, ppm): 1.65-1.90(m, 6H). 1.90-2.15(m, 2H). 3.47(5, 2H), 3.82{s. 3H), 6.95(d. J=8.6Hz, 1H), 
7.24(d, J=16.5Hz. 1H). 7.27{d. J=8.6Hz, 1H). 7.83(d. J=16.5H2, 1H), 8.17(d. J«6.6Hz, 2H), 8.78(d. J=6.3Hz. 2H) 
MASS(nVz): 307(M*) 
IR(cm"^): 1604. 1507 





Elemental analysis: C20H21NO2 • HOI • H2O 


30 


Found (%) 


0:66.49. 


H:6.69. 


N:3.77 




Calcd.(%) 


C.^.38. 


H:6.68. 


N3.87 



40 



45 



Example 75 

7-Methoxy-4-[1-nriethyf-2-(4i3yridyOelhenyq-spiro[2,3<lih^ (Compound 75) 

Substantially the same procedure as in Example 67 was repealed using Compound 65a (2.0 g) obtained in Step A 
of Example 65 to give Compound 75 (1 .1 g. 57.3%) as yellow crystals. 

Melting point: 85-87 *»C 

NMR(DMSO-d6, 6. ppm): 1.74-1.90(m, 6H), 1.97-2.05{m. 2H). 2.36(s. 2H), 3.38{s, 3H). 3.79{s. 3H), 6.79 (s. 1H). 
6.89(d. J=8.6Hz. 1H), 6.96(d, S^Hz, 1H), 8.02(d, J=6.6Hz. 2H). 8.84(d, J=6.6Hz. 2H) 
MASS(m/e):321(M*) 

IR(KBr.cm"^): 1631, 1605, 1601 . 



Elemental analysis: 




C21H23NO2 • HQ • O.3H2O 




Found {%) 


CS9.45. 


H:7.05, 


N:3.91 


Calcd.(%) 


C:69.43. 


H:6.83. 


N3.86 
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Example 76 ' " — ' • . ' 

(E)-442-(3.5-Dichloro-4i>yrkiyQetheriyq-7-methoD^ . methanesul- 

fonate (Compound 76) 

. ■ 

Substantially the same procedure as in Example 67 was repeated using Compound 54a (3.5 g) obtained in Step A 
of Example 54 to give (E)-4-[2-(3.5Hjichloro-^-pyridyl)ethenyO-7-methaxy-spiro[2,3KJihydrobenzofura^^ 
ane] (2.7 g, 81%) as pale-yellow crystals. Then, substantially the same procedure as in Example 50 was repeated ising 
the obtained crystals to give Compound 76. 

Melting point: 108-109 •C 

NMR{DMSO-d6. 6. ppm): 1.44-1.66(m. 4H). 1.70-1.76(m. 6H). 2.39(s. 3H). 3.14{s, 2H). 3.81(s. SH). 6.20 (d. 
J=8.3Hz. 1H). 6.93(d. J=16.8Hz. 1H). 7.15{d. J=a9Hz, 1H). 7.36(d. J=16.8Hz. 1H). 8.64(s. 2H) 
MASS(m/e): 391 . 389(M*) 
lR(cm-^): 2932. 1595, 1507 



Bemental analysis: 




C21 H21 ClgNOg • CH3SO3H • 1 .2H2O 


Found (%) 


C:51.99. 


H:5.21, 


N:2.67 


Calcd.(%) 


C:52.01. 


H:5.44, 


N:2.76 



Example 77 

(E)-7-Mefthoxy-4-t2K4i3yridyOelhenyn-spiroI2.3Kfi^ • hydrochloride (Compound 77) 

Substantially the same procedure as In Example 67 was repeated using Compound 55a (4 g) obtained in Step A 
of Example 55 to give (E)-7-methoxy-4-[2-{4-pyridyf)ethenyll-spiro[2,3-dihydrobenzofuran-2,V-cyclohexane] (3.1 g. 
82%) as pale-yellow crystals. Then, Substantially the same procedure as in Example 51 was repeated using the 
obtained crystals to give Compound 77. 

Melting point: 234-239 *C 

NMR(DMSO-d6, ppm): 1.47-1.68(m, 4H). 1.72-1.99(m, 6H), 3.26(s, 2H), 3.83(s. 3H), 6.94(d, J=:8,4Hz, 1H), 
7.26(d. J=15.3Hz. 1H). 7.27(d, J=8.9Hz. 1H). 7.83(d, J=16.3Hz;iH). 8.19(d, J=6.9Hz. 2H), 8.78(d. J-6.4H2. 2H) 
MASS(nVe):321(M+) 
IR(cm-^): 1600, 1511 



Elemental analysis: 




C21H23NO2 • HQ • O.3H2O 




Found (%) 


C:69.51, 


H:6.90, 


N:3.84 


Calod.(%) 


Cm43, 


H:6.83, 


N:3.86 



Example 78 

(E)-Ot)-4r[2-(3,5-Dichtoro-4^>yrldyOethenyl]-7Hfnelhoxy-3-meth^ (Compound 78) 

Si4)stantially the same procedure as in Example 67 was repeated using Compound 56a (1 .6 g) obtained in Step A 
of Example 56 to give Compound 78 (1 .4 g. 92%) as yellow crystals. 

Melting point: 117-118 'C 
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NMR(DMSO-d6, 6, ppm): T.23(s, J=6.93Hz, 3H). 3.68-3.74{m. IH), 3.82(s, 3H). 4.26(cW. J=8.62Hz. 2.97Hz, 1H). 

4.55(6, J=8.58Hz. 1 H), 6.94(d. J=8.58Hz, 1H), 7.03(d, J=16.50Hz, 1 H). 7.27(d, J=8.58Hz, 1H). 7.40(d. J=16.82H2, 

1H). 8.65(8. 2H) 

MASS(m/e): 337, 335(M*). 300 

IR(cm-^): 1616, 1507 



Elemental analysis: Ci7Hi5Cl2N02 


Found (%) 
Calcd.(%) 


0:60.62, 
C:60.73t 


H:4.45. 
H:4.50, 


N:4.14 
Nr4.17 



Example 79 

(E)-tt)-7-Methoxy-3^Tiethyl-442K4i>yrldyOethenyQ-2.3KlilT^ (Compound 79) 

Substantially the same procedure as in Example 67 was repeated using Compound 57a (0.25 g) oksftained in Step 
A off Example 57 to give Compound 79(0.18 g, 95.3%) as yeUow crystals. 

Melting point: 93-95 *'C 

NMR(DMSC>de. 5. PPm): 1.21(d, J=6.93H2. 3H), 3.80{s. 3H), 3.80-3.86(m. 1H). 4.26(dd. J«2.97Hz. 8.58Hz. IH), 
4.55(t. J=8.58Hz. IH), 6.91(d. J=8.57H2. IH). 7.09(d. J»16.49Hz. IH). 7.25(d. J=8.58Hz, IH). 746(d. J=16.50Hz, 
1 H). 7.57(d. J=5.94Hz. 2H), 8.53(d, J=5.92Hz, 2H) 
IR(KBr. cm-^): 1612, 1591, 1506, 1459 
MASS(nrVz):267(M'^ 



Elemental analysts: C^yHtyNOg 


Found ^) 
CalGd.(%) 


C:76.38, 
C:76:50, 


H:6.41, 
H:6.36, 


N:5.24 
N:5.24 



Example 80 

(±)-7-Methoxy'3Hiriethyl-441-pheny{-2-(4-pyndyQethenyq-2.3-<^ (Compound 80) (an E/Z nrvxture) 

Substantially the same procedure as in Example 67 was repeated using Compound 58a (1 .5 g) obtained in Exam- 
ple 58 to give Compound 80 (1 .3 g. 86.8%) as pale-yellow crystals. 

Melting point: 103-105.5 *G 

NMR(DMSO<l6. ppm): 1.07(d, J=6.60H2. 3H), 2.92-3. 10(m. IH). 3-78(s. 3H), 4.08(dd, J=4.29H2. a75H2. IH), 
4.41 (t, J=8.75Hz. 1 H). 6.68(d, J=8.25H2. 1 H), 6.79{s, 1 H), 6.86(d, J«8.25H2, 1 H), 6.95(d. J=5.28Hz, 2H). 7.1 3(m, 
2H), 7.35(m. 3H), 8.33(d. J=5.61Hz, 2H) 
IR(KBr, cm*^): 1591, 1498, 1431 
MASS(nV2): 343(M*), 251 



Elemental analysis: C23H21 NO2 


Found (%) 
Catcxi.(%) 


C:79.66. 
0:79.61. 


H:6.26. 
H«.22. 


N:4.07 
N:4.04 
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Example 81 

(E)-7-Methoxy*2-phenyl-4-[2-(4-pyndyl)etheriyqb^ • hydrochloride (Compound 81) 

(Step A) (d[0'4-[1-HydrQ3(y-2-(4-pyridyOethyl]-7-methQxy-2i3henylbenzo^ (Compound 81a) 

Substantially the same procedure as in Step A of Example 46 was repeated using Compound llh (2.8 g) obtained 
in Reference Example 8 to give Compound 81a (2.33 g, 65.4%) as a yellowish white solid. 

NMR(CDCl3. 6. ppm): 2.70(bs. 1H), 3.11(dd. J=6Hz, 14Hz. 1H). 3.21(dd, J=8H2. 14Hz, 1H). 4.03(s. 3H), 5.15(dd. 
J=6Hz. SHz. 1H), 6.69(d. J=8Hz. 1H). 6.96(d, J=8Hz. 1H). 7.07(d. J=6H2. 2H), 7.18(s, 1H). 7.37(t. J=7Hz. IH). 
7.44(dd. J=7Hz, 7Hz, 2H), 7.90(d. J=:7Hz, 2H). 8.41 (d, J=6Hz, 2H) 
MASS(m/e): 345{M+). 327. 253 

(Step B) (Compound 81) 

Substantially the same procedure as in Example 67 was repeated using Compound 81 a (2.0 g) obtained in Step A 
to give (E)-7-methoxy-2-phenyl-4-^-(4-pyridyOethenyQbenzofuran (1.10 g, 58.0%) as a yellow solid. Then, stbstantially 
the same procedure as in Example 51 was repeated using the obtained crystals to give Compound 81 . 

Melting point: 146-148 •C 

NMR(DMSO-d6. 6, ppm): 4.06(s, 3H), 7.1 1 (d. J=9Hz. 1 H). 7.4-7.6(m. 4H). 7.69(d. J=9Hz, 1 H). 8.00(d, J=7H2. 2H), 
8.16(s, IH). 8-19(d. J=18Hz. 1 H), 8.30(d. J=7H2. 2H). 8.84(d. J=7Hz, 2H) 
IR(KBr, cm*^): 1600, 1510. 1290. 1100 
MASS(m/e): 328, 327(ivr) 



Elemental analysis: 




C22H17NO2 • 1 .OHCI • 1 .OH2O 


Found (%) 


C:69.25. 


H:5.20. 


N:3.73 


Calcd.(%) 


C£9.20, 


H:5.28. 


,N:3.67 



Example 82 

(E)-4-[2-<3.5-Dichloro-4i3yridyOethenyi]-7-methoD^ 

(Step A) (±)-4-[2K3.5-Dichloro-4-pyridyl)-1-hydrGKyethyq-7-nfiethoxy-2-(4-^ (Compound 82a) 

Sut>stantially the same procedure as in Step A of Example 45 was repeated using Compound IK (4.00 g) obtained 
in Reference Example 6 to give Compound 82a (3,91 g, 59.8%) as a yellowish white solid. 

NMR(DMSO-de. 6, ppm): 3.23(dd. J=5Hz. 13Hz. IH). 3.45 (dd. J=8Hz, 13H2. IH), 3.97(s, 3H), 5.22(m. 1 H), 5.74(d, 
Js4Hz. 1H),6.95(d,J=8Hz, IH). 7.11(d, J=8Hz, 1 H), 7.69(s. IH), 7.84(d, J=6Hz, 2H), 8.54(s, 2H), 8.69(d, 6Hz, 2H) 
MASS(nVe): 416, 414(M*) 

(Step B) (Compound 82) . 

Substantially the same procedure as in Example 67 was repeated using Compound 82a (1 .50 g) obtained in Step 
A to give Compound 82 (0,847 g, 59.1%) as a yellow solid. 

Melting point: 204-206 "^C 

NMR(CDCl3, 5. ppm): 4.10(s, 3H). 6.91(d. J= SHz, IH). 7.16(d. J=17Hz. IH), 7.46(d, J=8Hz, IH). 7.50(s. IH). 
7.77{d. J=1 7Hz. 1 H), 7.77(d, J=6Hz, 2H), 8.52(s. 2H). 8.71 (d, J=6Hz. 2H) 
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IR(KBr, cm-^): 1615, 1550, 1290. 1180 
MASS{nVe): 400, 398. 396(M+) 



Elemental analysis: C2iH^4N202Cl2 



Found (%} 


C:63.32, 


H3.51. 


N.'6.98 


Calod.(%) 


C«3.51, 


H.-3.55. 


N:7.05 



Example 83 

(E)-7-Methoxy-2-(4ijyridyO-4^2-(4-pyridyl)ethenyllben2ofuran • 2 hydrochloride (Compound 83) 

(Step A) (ii-4-I1-HydrQ>cy-2-(4-pyrklyOethyQ-7HnethQxy-2-{4i3yridyOb^ (Compound 83a) 

Substantially the same procedure as in Step A of Example 46 was repeated using Compound IH (1.0 g) obtained 
in Reference Example 6 to give Compound 83a (1 .1 1 g. 81 .4%) as a yellowish white solid. 

NMR(DMSO-d6, 5. PPm): 3.15(d. J=7Hz, 2H). 3.97(s. 3H), 5.17(t, J=7H2, IH), 5.64{bs, IH). 6.97(d. J=8Hz IH) 
7.16(d, J=8H2. IH). 7.52{d. J=6Hz. 2H). 7.91 (d. J=6Hz, 2H). 8.00(s, IH), 8.56(d, J=6Hz, 2H), 8:71 (d, J=6Hz, 2H)' 
MASS(m/e): 346(M+). 328, 254 

(Step B) (Compound 83) 

Substantially the same procedure as in Example 67 was repeated using Compound 83a (2.8 g) obtained in Step A 
to give (E)-7-methoxy-2-(4i3yrldyI)-4-p-(4-pyridyl)ethenyl]benzofuran (1.60 g. 60.4%) as a yellow solid. Then, substan- 
tially the same procedure as in Example 51 was repeated using the obtained crystals to give Compound 83. 

Mefting point: 200-203 *C 

NMR(DMSO-d6. 5. PPm): 4.08(s. 3H), 7.27(d, J=8Hz, IH), 7.69(d. J=17Hz. IH). 7.75(d, J=8Hz. IH) 8 25(d 
J=1 7Hz. 1 H). 8.36{d. J=6Hz. 2H). 8.43(d, J=5Hz. 2H). a88(d. J=6H2, 2H), 8.98(d, J=5Hz. 2H). 9.02(s. 1 H) 
IR(KBr, cm"^): 1640, 1600. 1560, 1500 
MASS(nVe): 329(M* +1), 313 



Elemental analysts: 




C21H15N2O2 • 2.0HCI • 1 .6H2O 


Found (%) 


C:58.61. 


H5.05. 


N:6.45 


Calod.(%) 


C:58.64. 


H:4.g7. 


N£.51 



Example 84 

(E)-4-I2-(3.5-Dichtoro-4-pyridyOethenyO-7-methaxy-2-(2-pyridyObe^ (Conpound 84) 

(Step A) (J)-4-I2K3.5-Dichloro-4-pyridyl)-1-hydroxyethyO-7-methQxy-2-(2-pyrk^ (Compound 84a} 

Substantially the same procedure as in Step A of Exanple 45 was repeated using Corrpound llg (3.40 g) obtained 
in Reference Example 7 to give Compound 84a (4.51 g, 80.9%) as a yellowish white solid. 

NMR(DMSO-d6. ^. PPm): 3.22(dd. J=5Hz, 14Hz. IH), 3.45 (dd, J=9Hz. UHz. IH). 3.98(s. 3H). 5.21(ddd J=5Hz 
5Hz, 9Hz, IH). 5.73(d. J=5Hz. 1H). 6.91(d. J=10Hz. IH), 7.10(d, J=:10Hz. IH). 7.40(m, IH). 7.62(s. IH). 7.9-8.0{m! 
2H), 8.55(s, 2H), 8.70 (dd. J=2Hz. 5Hz. IH) 
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MASS(m/e): 416, 414(M*). 254 
(Step B) (Compound 84) 

Substantially the same procedure as in Example 67 was repeated using Compound 84a (0.60 g) obtained. in Step 
A to give Compound 84 (0.28 g. 49.5%) as a yellow solid. 

Melting point: 157-158 "C 

NMR(CDCl3. 6. ppm): 4.10(s. 3H). 6.90(d, J= 8Hz. 1H). 7.20(d, J=17H2. 1H); 7;27(m. 1H). 7.47{d, J=8Hz. 1H). 
7.75(s. 1H), 7.82(m, 1H). 7.82(d. J=17H2, IH), 8.02(d. J=8H2. 1H). 8.51 (s. 2H), 8.69(dd, J=1Hz, 4H2, 1H). 
IR(KBr, cm"^): 1610. 1550, 1510, 1290 
MASS(nVe): 400. 398, 396{M*) 



Elemental analysis: C21H14N2O2CI2 


Found (%) 
Catod.(%) 


C:63.81, 
C:63.51, 


H3.57.. 
H3.55. 


N:6.91 
N:7.05 



Example 85 

.(E)-7-MethQxy-2-(2-pyridyl)-4-[2-(4-pyridyl)etheny!]benzofuran • 2 hydrochloride (Compound 85) 

(Step A) (dlO'4-[1-Hydrcoey-2-(4i3yridyOethyl]-7-methQxy-2-(2-pyridyOt>erizofuran (Compourxi 85a) 

Substantially the samiB procedure as in Step A of Example 46 was repeated using Compound llg (3.0 g) obtained 
in Refererice E^mple 7 to give Compound 85a (2.10 g. 51.1%) as a yellowish white solid. 

NMR(DMSO-d6. 6, ppm): 3.04(d. J=6Hz, 2H). 3.96{s, 3H). 5.15(dt, J=4Hz. 6Hz, IH). 5.53(d. J=4Hz. IH). 6.92(d. 
J=8Hz. 1H). 7.12(d, J=8Hz. IH), 7.26(d. J=6Hz. 2H). 7.41(dd, J=5Hz. 9Hz. IH). 7.74(s. IH), 7.9-8.0(m. 2H), 
8.41 (d, J=6Hz, 2H), 8-68(d, J=5Hz. IH) 

MASS(m/e): 346(M+). 253, 252 ^ ' 

(Step B) (Compound 85) 

Substantially the same procedure as in Example 67 was repeated using Compound 85a (2^1 g) obtained in Step A 
to give (E)-7-methQxy>2-(2-pyrtdyi)-4-[2*(4-pyridyl)ethenyQk>enzofuran (0.58 g. 29.2%) as a yellow sofid. Then, substan- 
tially the same procedure as in Example 51 was repeated using the obtained crystals to give Compound 85. 

Melting point: 192-195 ^'C 

NMR(D20, 6. ppm): 4.1 1 (s 3H), 6.69(d. J=1 7Hz. 1 H), 6.89(d. J=:8Hz, 1 H). 7.25(d, J=8Hz, 1 H), 7.27(d, J=1 7Hz. 1 H), 
7.54{s, 1 H). 7.72(dd. J=5Hz. 7Hz, IH), 7.92(d, J=6Hz, 2H), 7.99(d, J=8Hz, IH). 8.31 (dd. J=7Hz, 8Hz. IH). 8.55(d. 
J=5Hz, IH), 8.72(d. J=6Hz. 2H) 
IR(KBr. cm-^): 1610. 1560. 1280 
MASS(m/e): 328(M-*^) 



Elemental analysis: 




CziHisNaOa • 2.0Ha • 1 .4H2P 


Found (%) 


C:59.12. 


H:4.73. 


N:6.51 


Calod.(%) 


C:59.14, 


H:4.91. 


N:6.57 
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Example 86 

(E)-442-Cyano-2-(4i>yridyOethenyO-7-methoxy-2 (Conpound 86) 

Compound lla (2.3 g) obtained in Reference Example 1 was suspended in glacial acetic add, and sodium acetate 
(2.3 g) and 4-pyridylacetonrtrile (1 .6 mO were successively added thereto. foUowed by stining at 11 0'C for one hour. The 
reaction solution was poured into water and the mixture was extracted with ethyl acetate. The collected organic layer 
was washed with a saturated saline and dried over anhydrous magnesium sulfate. The residue was purified by silica gel 
column chromatography (ethyl acetate/toluene = 1/9) and recryslallized from ethanol to give Compound 86 (1 6 g 46%) 
as pale-yellow crystals. • • ^ 

Melting point: 150-163 "^C 

NMR(DMSO-d6. 5. PPm): 1.44(s. 6H). 3.33(s. 2H), 3.84 (s. 3H), 7.04(d, J=8.57Hz. 1H), 7.71(d. J=5 94Hz 1H) 

7.73(d. J=8.25Hz. 1H). 7.98(s. 1H). 8.67(d. J=6.27H2. 1H) 

MASS(m/e): 306(M+) 

IR(KBr. cm-^): 2206, 1578, 1508 



Elemental analysis: C19H18N2O2 


Found (%) 
Calcd.(%) 


C:74.63. 
C:74.49, 


H:5.95. 
H:5.92. 


N:9.25 
N:9.14 



Example 87 

(E)-4-{2-Ethoxycarbonyl-2-(4wridyOelh^ (Compound 87) 

Substantially the same procedure as in Example 86 was repeated using Compound lla (2.0 g) obtained in Refer- 
ence Example 1 and using ethyl ester of 4-pyridlneacetic acid instead of 4i3yridylacetonitrile to give Compound 87 (2 5 
g. 73.2%) as dark brown crystals- r« ^ . 

Melting point: 98-100 ''C 

NMR(DMSO-d6. 5. ppm): 1.20(t J=7.26Hz, 3H), 1.38(s, 6H), 3.02(s. 2H). 3.68(s, 3H), 4.1 9(q, J=7.26Hz 2H) 
6-15{d. J=8.57Hz. 1H), 6.60(d. J=8.57Hz. 1H). 7.23{d. J=5.93Hz. 2H), 7.71(s. 1H), 8.57(d. J=5.93Hz 2^6 ' 
MASS(m^e): 353(M*). 280 
IR(KBr, cm"^): 1706. 1596, 1508 

Example 88 

4-(2,2-Dicyanoethenyl)-7-methoxy-2.2-din(iethyl-2,3<lihydrobenzo^ (Corrpound 88) 

Compound lla (2.0 g) obtained in Reference Example 1 was suspended in glacial acetic acid, and sodium acetate 
(1 .9 g) and malonitrile (0.8 mQ were successively added thereto, followed by stirring at 1 10*C for one hour. The reaction 
solution was poured into water, and the precipitated crystals were collected by fOtratioa washed with water, and dried 
under reduced pressure. The obtained crude aystals were purified by silica gel column chromatography (chlorofbnn) 
to give Compound 88 (2.4 g. 94.5%) as pale-yellow crystals. 

Melting point: 198-200 "^C 

NMRCDMSOde. 5, ppm): 1 .43(s. 6H). 3.24(s. 2H), 3.87 (si 3H). 7.12(d. J«8.6Hz. 1 H), 7.75(d. J-8.6Hz, 1 H), 8.19(s, 
1H) 

MASS(nVe): 254(M+) 

IR(KBr. cm-^):2218. 1619. 1589 
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Elemental, analysis: C15H-14N2O2 


Found (%) 
Calcd.(%) 


C:70.95. 
C:70.85, 


H:5.57. 
H:5.55. 


N:10.96 
N:11.02 



w 

Example 89 

4-(2<)yano-2-ethoxycarbonylethenyl)-7-methoxy-2,2-<iinniethy1-2.3-dihydrobenzofuran (Conrpound 89) 

15 Substantially the same procedure as in Example 88 was repeated using Compound I la (2.0 g) obtained in Refer- 
ence Example 1 and using ethyl cyanoacetate instead of malorvtrile to give Compound 89 (2.8 g. 96.5%) as a dark 
brown oily substance. 

Melting point: 1 1 2-1 1 7 'C 

50 NMR(DMSO-d6. 6. ppm): 1 .30{t J=6.9Hz, 3H), 1 .44(s, 6H), 3.23(s, 2H). 3.86(s. 3H), 4.30(q, J=6.9H2, 2H). 7.09(d, 
J=8.9Hz. 1H), 7.83(d, J=8.6Hz, 1H). 8.09(s, 1H) 
MASS(m/e):301(M^) 
IR(KBr, cm"^): 2218, 1718, 1590 



Elemental analysis: Ci7H^gN04 


Found (%) 
Calod.(%) 


C«7.80, 
0:67.76, 


H:6.41. 
H:6.35, 


N:4.82 
N:4.65 



Exannple90 

35 

(E)-7-MetfK3xy-4-[2-(4-pyridylaminocaitxxiyOetheriyq-spi (Compound 90) 

(Step A) (E)-4-(2-Ethoxycartx>nylethenyO-7HiiethOKy-spiro[2.3-dihydrobenzof^ 90a) 

40 Triethyl phosphonoacetate (10.5 g) was suspended in THF (70 nrQ, and potassium t-butoxide (3.74 g) was added 
thereto under ice-coonng, followed by stirring at nx>m temperature for 30 minutes. After cooling the reaction solution 
with ice again, a solution of Compound tic (3.1 g) obtained in Reference Example 3 in THF (20 ml) was slowly and drop- 
wise added thereto under ice-cooling, followed by stirring at room temperature for one hour. Water was added to the 
reaction solution and the mixture was extracted with ether. The collected organic layer was washed witii a saturate^ 

45 saline arvl dried over anhydrous magnesium sulfate. The residue was purified by siPca gel colurfm chromatography 
(cNoroform) to give Compound 90a (3.51 g, 87.0%) as white crystals. 

Melting point: 81-91 •C 

NMR(bMSO-d6. 6, ppm): 1.25(t. J=6.4H2, 3H), 1.30-2.22 (m. 8H), 3.35(s, 2H), 3.79(s. 3H), 4.17(d. J=7.4Hz, 2H), 
50 6.28(d. J=16-3Hz, 1H). 6.83(d, J=8.4Hz, 1H), 7.18(d, J=8.4H2, 1H), 7.53(d, J=16.3Hz, 1H) 
MASS(m/e): 302(M*). 229 

(Step B) (E)-4-{2-CaiboxyethenyO-7-methoxy-^iro[2,3-dihydrd3enzofuran-2,1'-cycloperTtane] (Compound 90b) 

55 A mixture of Compound 90a (3.5 g) obtained in Step A, a 4N aqueous solution (35.0 ml) of sodium hydroxide, and 
ethanol (150 ml) was stirred at room tenrperature for 15 hours. The solvent was distilled off and the residue was dis- 
solved in water. Concentrated hydrochloric acid was dropwise added to the solution, and a precipitate was collected by 
filtration, washed with water, and dried to give Compound 90b (2.38 g, 74.9%) as white crystals. . 
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Memng point: 21 2-21 5 «C 

NMR(DMSO-d6. 6. ppm): 1.75-1.96(m. 8H). 3.33(s, 2H). 3.79{s. 3H). 6.23(d. J=15.8Hz, 1H). 6.86(d. J=8.4Hz. 1H). 
7.15(d. J=8.4Hz. 1H), 7.48(d, J=16.3H2, 1H), 12.26(brB, 1H) 
MASS(m/e): 274(M*) 

(Step C) (Compound 90) 

Compound 90b (0.3 g) obtained in Step B was suspended in a mixed solvent of methylene chloride (6 mi) and dibx- 
ane (1 mQ* and dicyclohe)^carbodiiniide (DCC) (0.23 g) and 4-aminppyridine (0.11 g) were added thereto after coofing 
the suspension to 0*»C, followed by stirring at room temperature for 6 hours. Water was added to the mixture followed 
t>y extraction with chlorofomi. The collected organic layer was washed with a saturated saline and dried over anhydrous 
magnesium sulfate. The residue was purified by silica gel column chromatography (chtorolbrm) to give Compound 90 
(0.22 g, 64.5%) as pale-yellow crystals. 

Melting point: 124-128 *C 

NMR(DMSO'd6. 5. PPm): 1.77-1.90(m. 6H), 1.90-2.10(s. 2H). 3.39(s, 2H). 3.80(s. 3H). 6.60(d, JslS.SHz. 1H), 
6.91(d, J=8.4H2, 1H), 7.09(d. J=8.4H2. 1H). 7.55(d, J=15.8Hz. 1H), 7.57(d, J=5.7Hz, 2H). 8.45(d, J=5.9Hz, 1H). 
10.47 (s. 1H) 

IR(KBr, cm'^): 1592, 1506 
MASS(m/e): 350(M+), 257 



Bemental analysis: C21H22N2O3 •O.4H2O 


Found (%) 
Calcd.(%) 


C:70.52, 
C:70.53, 


HS.41, 
H:6.43. 


N:7.60 
N:7.83 



Example 91 

(E)-7-Methoxy-4-{2-[4-(methoxycartx)nyl)phenyl-1 -ylaminocartK>nyl]ethenyl]-spiro[2.3-djhydrobenzofuran-2, 1 
cydopentane] (Compound 91) 

Compound 90b (0.9 g) obtained in Step B of Example 90 was suspended in a mixed solvent of methylene chloride 
(18 ml) and dioxane (4 ml), and dicyclohexylcartxxiiimide (DCC) (0.69 g) and ethyl 4-aminobenzoate (0.55 g) were 
added thereto after cooling the suspension to O'^C, followed by stining at room temperature for 6 hours. V^er, was 
added to the mixture.foOowed by extraction with chloroform. The ooltected organic layer was washed with a saturated 
saline and dried over anhydrous magne^um sulfate. The residue was purified by silica gel column chromatograpl^ 
(chloroform) to give Compound 91 (0.36 g, 26.9%) as white crystals. 

Melting point: 119-123 °C 

NMR(DMSO-d6. 5. P^)' 1.77-1.90(m. 6H). 1.90-2.10(m, 2H), 3.38(s. 2H), 3.80(s. 3H), 3.83(s. 3H), 6.67 (d. 
J=15.8Hz. 1H), 6.91(d. J=r8.4Hz. 1H), 7.08(d. J=8.4Hz. 1H), 7.52(d. J=15.8Hz. 1H), 7.82(d, J=8.9Hz. 2H), 7.^(d. 
J=8.4Hz, 2H). 10.45(s, 1H) 
IR(KBr. cm*^): 1699. 1608. 1506 
MASS(m/e): 407(1^) 



Elemental analysis: C24H25N05 • 0.1 HgO 



Found (%) 


C:70.43. 


H«.37, 


N:3.44 


Calcd.(%) 


C:70.43. 


H:6.20. 


N:3.42 



EP0771 794A1 



Example 92 * 

(E)-4-[2>(4-Carboxypheny1aminocaitx}nyOetheriyq-7-me^ *-<:ycldpentane] (Com- 

pound 92) 

A rraxture of Compound 91 (0.25 g) obtained In Exanple 91. a 4N aqueous solution (1.6 ml) of sodium hydroxide, 
and dioxane (2.5 ml) was heated under reflux for 2 hours. The reaction solution was cooled, poured into water, and the 
rnixture was adjusted to pH 3 by 6N hydrochloric acid. The precipitated crystals were collected k>y filtration, washed with 
water, and dried to gWe Compound 92 (0.43 g. 1 7.8%) as white crystals. 

Melting point: 266-269 *C 

NMR(DMSO-d6. 6, ppm): 1.65-1.90(s. 6H). 1.90-2.10(m. 2H). 3.38(s. 2H). 3.80{s. 3H). 6.63(d, J=15.8Hz. 1H), 
6.91(d. J=8.4Hz, 1H). 7.09(d. J==8.4Hz. IH). 7.52(d. J=15.3H2. 1H). 7.80(d. J=8.9H2, 2H), 7.92(d. J=8.9Hz. 1H). 
10.43(s. IH). 

IR(KBr. cm"^): 1682. 1596 
MASS(m^e): 394(M+ +1). 257 



Elenierrtal analysis: C23H23NO5 'O.IH2O 



Found (%) 


C.-69.85. 


H:5.92. 


N:3.54 


Calcd.(%) 


Cm85, 


H:6.13. 


N:3.52 



Example 93 

(E)-7-MethQxy-4-^2-[3-(rnethoxycarbony)pheriylamiriocarbonyQethenyl} ; 
tane] (Compound 93) 

Substantially the same procedure as in Example 91 was repeated using Compound 90b (0.9 g) obtained in Step B 
of Example 90 and methyl 3*aminobenzoate (0.55 g) to give Compound 93 (0.68 g. 50.8%). as white crystals. 

Meiting point: 88-91 *C 

NMR(DMSO-d6. 6. ppm): 1.77-1.90(s. 6H), 1.90-2.10(m. 2H). 3.39(s. 2H). 3.80(s, 3H). 3.87(s. 3H), 6.60 (d. 
J=15.8Hz. IH), 6.91(d. J=8.6Hz. IH). 7.08(d. J=8.3Hz. IH). 7.46-7.55(m. 2H). 7.66(d. J=7.9Hz, IH), 7.97(d. 
J=7.9Hz. IH). 8.36(s. IH). 10.37(8. IH) 
IR(KBr, cm-^): 1724. 1608 
MASS(nVe): 407(M+). 257 



Elemental analysis: C24H2SNO5 • O.6H2O 


Found (%) 
Calod.(%) 


C:68.69. 
C:68.92. 


H:6.10. 
H:6.31. 


N:3.34 
N:3.35 



Example 94 

(E)-4-[2-(4-Cartx>xyphenylamiriocarbonyOeiheriyq-7-methoxy'^^ *-cyclopentane] (Com- 

pound 94) 

Substantially the same procedure as in Example 92 was repeated using Compound 93 (0.48 g) obtained in Exam- 
ple 93 to ^ve Compound 94 (0.34 g, 73.5%) as white crystals. 

Melting point: >290'^C 
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NMR{DMSa<J6, 6. ppm): 1.77-1.90(m, 6H). 1.90-2.10(m, 2H). 3.39(s. 2H). 3 80(s 3H) 6 60(d J-15SH^ 

IR(KBr,cm-^): 1683. 1610 
MASS(nVe): 393(M*), 257 



Elemental analysis: C23H23NO5 


Found (%) 
Calcd.(%) 


C:70.23. 
C:70.21, 


H:5.93, 
H:5.89. 


N.-3.60 
N3.56 



ExampleSS 

4-I2K3.5-Dichrofo^-pyridylh1.oxoethyn-7-ni0thoocy-2.2K^^ (Compound 95) 

d«r 1^ Step A of Example 45 v«s dissolved in methylene chloride (80 ml), and a po«v. 

^Z^^J^ OK chlorochromate (PCC) (2.1 g) were added thereto, i6Uo«ed by stW^^r^ 

^^^^ ^ was concentrated iJS^^ 

(?3 ;S"4ra: -^"^ -'--^'^ (c^^^^^^ethano. = 30,1)CrS 

Melting point: 127-131 *C 

jTS!S^%^^' '°''- "-"^^ ^-^^ 2")- ^O^W- 1H). 7.79(d. 

MASS(nVe): 367. 365(M+), 205 
IR(cm-^): 1675, 1613, 1575 



Elemental analysis: C18H17CI2NO3 


Found (%) 
Calcd.(%) 


C:58.91. 
C:59.03, 


H:4.60. 
H:4.68. 


N:3.73 
N3.82 



Example 96 

7-MethQxy-2,2-dimethyl-41lH»«)-2-(4^)yridyOethyfl-2.3<lihydrDben20f^ (Compound '96) 

«f pS!^^'^^ procedure as In Example 95 was repeated using Compound 46a (4.5 g) obtained in Step A 

of Example 46 to give Compound 96 (0.7 g, 15.5%) as pale-yellow crystals. w^wwneainaep a 

Melting point: 107-11 1 'C 

MASS{nVe): 297(M+), 205 * 
IR{cm-^): 1675. 1608. 1578. 1511 



Elemental analysis: C18H19NO3 • 0.1 HgO 


Found (%) 
Calcd.(%) 


C:72.37. 

C:72.27, 


H.-6.56. 
H:6.47. 


N:4.61 
N:4.68 
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Examples? 

4-[2^3.5-DjcWoro-4-pyridyl)-1-axoethyO-2.2Kiiethyl-7HT^^ (Compound 97) 

Under an argon atmosphere, a solution (50 ml) of 3,5<lichloro-4-methylpyridine (7.8 g) in THF was cooled to -78'*C, 
and then a 1.69M solution (29 ml) of butyl lithium in hexane was dropwise added thereto, fbltowed by stirring at the 
same temperature for one hour. A solution (40 ml) of Compound Ilk (4.0 g) obtained In Reference Example 11 in THF 
was slowly and dropwise added to the nnxture. followed by stirring at O^'C for 2 hours and then at room temperature for 
3 hours. ThB reaction solution was poured into water and the mixture was extracted with ether. The organic layer was 
washed with a saturated saline and dried over anhydrous magnesium sulfate, and the solvent was distilled off under 
reduced pressure. The residue was purified by silica gel column chromatography (chloroform) to give Compound 97 
(5.0 g, 4.2%) as a white solid. 

Melting point: 164-166 *C 

NMR(DMSO-d6» 6, ppm): 0.83(t d=7.4Hz. 6H). 1.64(q. d=7.4Hz. 4H). 3.20(s. 2H). 3.88(s. 3H). 4.71(s. 2H). 7.01(d. 
J=8.4H2. 1H), 7.76{d. J=a9Hz. 1H), 8.65(s. 2H) 
MASS(m/e): 395. 393(M^). 233 
iR(cm-^): 2970(br), 1677, 1615, 1574 



Elemental analysis: C20H21CI2NO3 


Found (%) 
Calod.(%) 


C:60.84, 
C:60.92. 


H:5.37. 
H:5.37. 


N:3.53 
N:3.55 



Example 98 

2,2-Diethyl-7-methQxy-4-[1 -oxo-2-(4i3yridyl)ethyi]-2,3<lihydrobenzofuran • hydrochloride (Compound 98) 

Under an argon atmosphere, a solution (50 ml) of 4-melhylpyridine (4.8 ml) in THF was cooled to -78*C, and then 
a 1 .69M solution (29 ml) of butyl lithium in hexane was dropwise added thereta fbltowed by stirring at the same temper- 
ature for one hour. A solution (40 rrri) of Compound Ilk (4.0 g) obtained in Reference Exanrple 1 1 in THF was slowly and 
dropwise added to the mixture, followed by stirring at O^'C for 2 hours and then at room temperature for 2 hours. The 
reaction solution was poured into water and the mixture was extracted with ether. The organic layer was washed with a 
saturated saline and dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. 
The residue was purified tjy silica gel column chromatography (chlorofbrnVmethanol = 20/1 ) to give 2.2-di6thyt-7HfTieth- 
oxy-4-[1-oxo-2-(4i3yrkiyOetiiyl]-2,3-dihydrpberizofuran as a colorless oily sutsstance. Then, substantially the same pro- 
cedure as in E3»ample 51 was repeated using the obtained oily substance to give Compound 98. 

Melting point: 185-191 "^C 

NMR(DMSO-d6. 6. Ppm): 0.84(t, J=r7.4Hz, 6H). 1 .67(d. J=7.4Hz. 4H). 3.24(s. 2H), 3.88(s. 3H). 4.78(s, 2H). 7.02(d. 
J=8.4Hz, 1 H), 7.67(d, J=8.4Hz, 1 H). 7.95(d, J=r6.4Hz. 2H). 8.86(d, J=6.4Hz, 2H) 
MASS(m/e): 325(M*). 233 
IR(cm-^): 1671, 1611, 1574, 1505 





Elemental analysis: C20H23NO3 • HCI 




Found (%) 


Cm36. 


H:6.85. 


N:3.85 


> 


Calod.(%) 


C:66.38. 


H:6-69. 


N:3.87 
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Example 99 

4-[2-(3.5-Dichtoro-4-pyridylH<ixoethyQ-7HTiethQxy-spiro[2.^ (Compound 99) 

Sul:7stantialty the same procedure as in Example 97 was repeated using Compound III (1.0 g) obtained in Refer- 
ence Example 12 to give Compound 99 (0.42 g. 42.0%) as pale-yellow crystals. 

Melting point: 159-162 'C 

NMR(DMSO-d6. 5. ppm): 1.70-1 .78(m. 6H). 1.90-2.09{m, 2H). 3.42(s. 2H). 3.88(8. 3H), 4.71 (s, 3H). 7.03 (d, 
J=8.9Hz, 1 H), 7.78(d, J=r8.4Hz. 1 H), 8.65(s. 2H) 
MASS(m/e): 393. 391 (M*), 231 
IR(cm-^): 1675, 1612, 1576 



Elemental analysis: C20H19CI2NO3 • O.3H2O 


Found (%) 
Calcd.(%) 


C:60.40. 
C£0.40, 


H:4.80, 
H:4.97, 


N:3,50 
N:3.52 



Example 100 

7-Methoxy-4-[1-oxo-2-(4-pyridyOethyq-spiro[2,3<iniydrobenzoft^ * hydrochloride (Compound 

100) 

Substantially the same procedure as in Example 98 was repeated using Corrpound III (4.0 g) obtained in Refer- 
ence Example 12 to give 7-melhoxy-4-I1 -oxo-2-(4-pyridyOethyq-spiro[2,3-dihydrobenzofuran-2,r-cyciopentane] (2.1 g. 
42.6%) as a pale-yellow oily substance. Then, substantially the same procedure as in Example 51 was repeated using 
the obtained oily substance to give Compound 100. 

Melting point: 215-219 •C 

NMR(DMSO<i6. 5. ppm): 1.70-1.79(m, SH), 1.90-i97(m, 2H). 3.44(s, 2H). 3.87 (s. 3H). 4.77(s, 2H). 7.03(d, 
J=6.4Hz. 2H). 7.68(d, J=6.4Hz, 2H), 7.94 (d. J= 8.4Hz, 1 H). 8.86(d. J=8.9Hz. 1 H) 
MASS(m/e): 323(M*), 294 
IR(cm-^): 1670, 1610, 1510 



Elemental analysis: 




C20H21 NO3 • Ha • 0.2H2O 




Found (%) 


C:66.21, 


H:6.26. 


N.-3.79 


CalGd.(%) 


C:66.09, 


H:6.21, 


N:3.85 



Example 101 ' 

4-[2-(3,5-DicNoro-4-pyridylf-1-o»>e1hyQ-7-methoxy-spiro[2.3-dlhydrobefizcf^ (Compound 101) 

Substantially the same procedure as in Example 97 was repeated using Compound llm (4.0 g) obtained in Refer- . 
ence Example 13 to give Compound 101 (4.3 g, 72.3%) as pale-yellow crystals. 

Melting point: 149-151 "C 

NMR(DMSO-d6. 6. ppm): 1.43{brs, 4H). 1.62-1.72(m, 6H), 3.20(s. 2H). 3.89(s. 3H), 4.71(s, 2H), 7.02(d, J=8.4Hz. 
1 H). 7.78(d. J=8.9Hz, 1 H). 8.65(s, 2H) t 
MASS(m/e): 407, 405{M*), 245 



92 



EP0771 794 A1 



IR(cm'^): 2841 (br). 1678. 1578 



Bemental analysis: C2oHigCl2N03 • 0^H2O 


Found (%) 

Calcd.(%) 


C:60.54, 

C:60.68, 


H:4.77. 

H:4.94, 


N:3.56 

N:3.54 



Example 102 

7-MethQxy-4-[1-aKo-2-(4-pyridyl)ethyq-spiro[2.3<lihydr^^ (Compound 102) 

Substantially the same procedure as in Example 98 was repeated using Compound llm (3.0 g) obtained in Refer,- 
ence Example 13 to give 7-methoxy-4-[1-oxo-2-(4-pyridyOethyQ-spiro[2,3<lihydrobenzofuran-2.^ (2.0 g. 

54.9%) as a pale-yellow oily sut^stanoe. Then, suk)stantially the same procedure as in. Example 51 was repeated using 
the obtained oily substance to give Compound 102. 

Melting point: 193-196 •C 

NMR(DMS<>d6. 6. ppm): 1.43(brs. 4H). 1.50-1.72(m, 6H), 3.23{s, 2H). 3.88{s. 3H). 4.80(s. 2H). 7.03(d. J=8.9Hz. 
1 H). 7.68(6, J=8.4Hz. 1 H). 7.97(d, J=6.4Hz, 2H), 8.88(d, J=6.4Hz. 2H). 
MASS(m/e): 338(hr). 245 
IR(cm-^): 1674, 1610. 1510 



Elemental analysis: 




C21H23NO3 • Ha • 0.1 H2O 




Found (%) 


C£6.99. 


H:6.58, 


N:3.68 


Calod.(%) 


C:67.14. 


H«.49, 


N:3;73 



Exanple 103 

(±)-4-[2K3,5-Dichloro-4-pyridyl)-1-oxo6thyQ-7-methoxy.3-nnethyl-2, (Compound 103) 

Substantially the same procedure as in Example 95 was repeated using Compound 56a (1 .0 g) otslained in Step A 
in Example 56 to give Conpound 1 03 (0.5 g, 51 .3%) as pale-yellow aystals. 

Melting point: 99~-104 "C 

NMR(DMSO<l6, 6. PP^)' 108(d. J=6.93Hz. 3H), 3.77-3.90(m, 1H). 3.90(s. 3H), 4.28{dd. J:=2.64Hz, 8.58Hz. 1H). 
4.49{t. J=8.58Hz, 1H), 4.68(d, J=1749H2. 1H), 4.80(d, J=:17.81Hz, 1H). 7.05(d, J==8.57H2, 1H). 7.84(d. J==8.58Hz. 
1H). 8.67(s. 2H) 

IR(KBr. cm"^): 1684. 1612, 1579. 1506, 1433 
- MASS(m/z):353(M++2). 351(M^. 191 



Elemental analysis: C17H15CI2NO3 


Found (%) 
Calcd;(%) 


C:57.97. 
C:57.93. 


H:4.29, 
H:4.37. 


N:3.98 
N:3.77 
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Example 104 

(±)-7-MethQxy.3-methyl^lK)xo.2H4-pyridyl^ (Conpound 104) 

Substantially the same procedure as in Example 95 was repeated using Compound 57a (0 6 g) ot>tained in Steo A 
in Example 57 to give Compound 104 (0.03 g. 4.2%) as pale-yellow crystals.^^ ^ 

Meftingpoint: 111-117 *C 

I^'^IITI!!!?^"^"' ^' ^ '^^^"^^ J=6.93H2, 3H). 3.77-3.86(m. 1H). 3.86(s. 3H). 4.27(dd, J»2.64Hz. 8 75Hz. 1H) 

J^^Shz^^ ^-^f^' J=8.58Hz. lS 8 sIS^ 

rR(KBr. cm''): 1686, 1613. 1579. 1508. 1433 

c!22Sc:7oS35S';0,IIl!l46^'^*"^' ^"""'^O^-O.SH^O Found (%)C:70.72,H.-6.14.N:4.85 

Example 105 

(l)-ci6-6-MethDxy-941-axo-2-{4i)yridyOethyl]-l ,2.3.4.4a.9b-he)cahyclrodiben2ofuran • hydrochloride (Coiipourrf 105) 

SUJstarrllalhr the same procedure as in Example 98 was repeated using Coirpound lln (0.4 g) obtained in Refer- 
? .^"'^ W-cfe-6-methoxy-9-[1-oxc^2-{4-pyridyl)efhyl].1 .2.3.4.4a.9b4,exahiroc£e,«ofuS, (0^. 
t^^^- .^t'' ^l™^ substance. Then, substantially the same procedure as in Example 51 was repeated usiiK^ 
the obtained oily substance to give Conpomd 1051 «k«uou u»i v 

Melting point: 225-233 'C 

,NMR(CDCl3. 6. ppm):0.80-1.00{m.1H).1.10-1.36(m.1H).1.40-1.85(m.1H), 1.98-2 12(m IH) 2 35-2 52fm im 



Elemental analysis: C20H21NO3 • HQ 


Found C5&) 
Calcd.(%) 


C:66.59. 

G:66.76, 


H:8.15. 

H;6.16, 


N:4.02 
N:3.89 
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Example 106 

2-Cyano-4-|2.(3.5<ilchloro-4-pyridyO-1 K>xoethyO-7-methoxyl)enzofuran (Coitpound 106) 

(Step A) 2-Cyano^42K3.S<Jichloro.4-pyridyl)-14iydrQxyethya-^^ (Conpound 106a) 

Substantially the same procedure as In Step A of Example 45 was repeated using Compound lit (2.0 g) obtained 
in Reference Example 9 to give Compound 106a (2.3 g. 63.2%) as pale-yeDow crystals. ««• 

V 'il'nM^'^^o"^ ' 6 ppm): 3.15-3.22(m. IH). 3.30.3,50(m, IH). 3.94(s. 3H). 5.13-5.20(m, IH). 5.83(d. J=4.0H2. IH) 
7.10(d. J=8.3Hz. IH). 7.16(d. J=7.9Hz. 1H). 8.12(8. IH), 8.55(s. 2H) ^ * h oova.u -^.unz. ^r^}. 

so MASS(nVe):3e2(M*) 

(Step B) (Compound 106} 

Substantially the same procedure as in Example 95 was repeated using Compound 106a (1 .1 g) obtained in Step 
55 A to give Compound 106 (0.27 g. 25.0%) as white crystals. ^ ^ i g; ooiainea in cnep 

Melting point: 197-199 •C 

NMR(DMSO^ 5. ppm):4.12(s. 3H). 4.88(s. 2H). 7.39 (d. J=8.6Hz. IH). 8.41(6. IH). 8.47(d. J=8.3Hz. IH). 8.69(s. 
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I^SS(rTVe): 362, 360(M*). 200 
IR(cm'^): 1675. 1557 



Elemental analysis: C|7HioCt2N203 


Found (%) 
Calod.(%) 


C:56.62. 
0:56.53. 


H2.77, 
H2.79, 


N:754 
N:776 



Example 107 

2-Benzoyl-7-methoKy-4-{1 K)xo-2-phenylethyOben2ofuran (Compoui^ 

Compound llag-a (1 .0 g) obtained in Step A of Reference Example 33 and phenylacetyl chtoride (0.79 ml) Were dis- 
solved in dry dichloromethane (50 ml), the solution was cooled to O'^C, and titanium tetrachloride (1 .3 ml) was dropwise 
added thereto, followed by stirring at the same temperatura After 5 minutes, the reaction was stopped by adding dis- 
tilled water, and the reaction solution was extracted with diethylether. Then, the organic layer was washed with a satu- 
rated saline and dried ever anhydrous nr^gnesium sulfate, and the solvent was distilled off under reduced pressure. The 
residue was purified by silica gel column chromatography (hexane/ethyl acetate = 4/1) to give Compound 107 (0.94 g, 
64.0%) as a pale-yellow solid. 

NMR(CDCl3. 6. ppm): 4.10(s. 3H). 4.37(s, 2H), 6.93(d. J=8.5Hz, 1 H). 7.2-7.4 (m, 5H), 7.51(dd, J=7.5Hz. 8Hz, 2H). 
7.61 (t, J=8Hz, 1 H). 7.91 (d, J=8.5Hz. 1 H). 8.01 (d. J=7.5Hz, 2H), 8.26(S, 1 H) 
MASS(m/e): 370(M*). 279. 251 



Elemental analysis: C24H18O4 


Found (%) 
Calcd.(%) 


C:77.97. 
C:77.82. 


H:4.94 
H:4.91 



Example 108 

2-Benz<^7-methoxy-4-[1 <wo-2-(4i>yridyOethyl]berujofuran (Conr^ 

Substantially the same procedure as in Example 107 was repeated using Compound llag-a obtained in Step A of 
Reference Example 33 to give Compound 108 as a pale-yellow solid. 

NMR(CDa3. 6. ppm): 4.13(s, 3H). 4.35(s. 2H). 6.98(d, J=8Hz. 1H). 7.23{d. J= 5.5Hz. 2H). 7.52(dd, J=7Hz. 8Hz, 
2H), 763{t J=»7H2, 1H). 798(d. J=8Hz, 2H). 8.03(d. J=8Hz. 1H). 8.24(s. 1H). 8.57(d, J=5.5Hz. 2H) 
MASS(m^e): 371(1^*), 279 

Example 109 

2-Butyl-7-methQxy-4-[1-oxo-2-(4-pyridyt)ethyqfc>enzofuran • hydit^ 

Sut>stantially the same procedure as in Example 98 was repeated using Compourxi llo (1 ,3 g) obtained in Refer- 
ence Exannple 15 to give 2-butyl-7-methoxy-4-[1-oxo-2-(4-pyridyl)ethyl]benzofuran (0.42 g, 42%) as pale-yellow crys- 
tals. Then, substantially the same procedure as in Example 51 was repealed using the otstained crystals to give 
Compound 109. 

Melting point: 212-218 •C 

NMR(CDa3. 6. ppm): 0.941 (t J=7Hz. 3H). 1.30-1 .55{m, 2H). 1.65-1.85(m, 2H), 2.83(t J=7Hz, 2H). 4.12 (s. 3H). 
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4.65(s. 2H), 6.82{d, J=9H2, 1H). 7.12(s. 1H), 7:84(d. J=9Hz. 1H). 7.87(d, J=6H2. 2H), 8.72(d. J=6Hz. 2H) 



Elemental analysis: C20H21NO3HCIO.2H2O 


Found (%) 
Calcd.{%) 


0:66.03. 
C£6.09» 


H:6.09. 
H:6.21, 


m.77 
N:3.85 



Example 110 

7-Methoxy-2-(2-methyft)ropyO-4-[1<)xo-2-(4i:^idyOelf^ • hydrochloride (Compound 1 10) 

SU>stantially the same procedure as in Exanple 98 was repeated using Compound lip (1 .8 g) otjtained in Refer- 
ence Example 16 to give 7-methoxy-2-(2-memylpropyO-4-{1-oxo-2-(4-pyridyl)ethyl]benzofuFan (1.2 g. 56%) as white 
crystals. Then, Substantially the same procedure as in Example 51 was repeated using the obtained crystaJs to give 
Compound 110. 

Melting point: 193-198 •C 

NMR(CDCl3, 6» ppm): 0.970(d. J=7Hz, 6H), 2.05-2.20(m, 1H). 2.70(d. J=7Hz. 2H). 4.12(s, 3H), 4.64(s. 2H), 6.82(d, 
J=9Hz. 1 H), 7.13(s. 1H). 7.77-7.88 (m, 3H), 8.71(d. J=7Hz. 2H) 



Elemental analysis: C20H21 NO3HCI 


Found (%) 
Calcxl.(%) 


C.-66.64, 
C£6.76. 


H:6.16, 
H:6.16. 


N:3.90 
N:3.89 



Example 111 

7-Methoxy-4-[1 -oxo-2-(4-pyridyOethyQ-2-phenylbenzofuran • hydrochloride (Compound 111) 

Substantially the same procedure as in Example 98 was repeated using Compound lis (2.30 g) obtained in Refers 
ence Example 19 to give 7-ni6thaxy-4-[1-oxo-2-(4-pyridyOethyl]-2-phenylbenzofuran (1.30 g. 26.6%) as a white solid. 
Then, substantially the same procedure as in Example 51 was repeated using the obtained crystals to give Conrpound 
111. 

NMR(DMSO-d6. 5. ppm): 4.12(s. 3H). 4.94(s. 2H), 7.16 (d. J=8.5H2, 1H). 7.4-7.6(m, 3H), 7,90(s, 1^. 7.97(d. 
J=7Hz, 2H). 8.04(d, J-5.5Hz, 2H), 8.18(d, J=8.5Hz, 1H), 8.92(d, J=:5.5Hz. 2H) 
MASS(nVe): 343(M^)» 251. 223 



Elemental analysis: 




CzaHiyNOa-HCI^O.IHgO 




Found (%) 


C:69.07, 


H:4.73, 


N.'3.80 


Calod.(%) 


C:69.24, 


H:4.81. 


N:3.67 
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Example 112 . 

2-(2-EtlTylpher!yl)-7-melhoxy-4-[1 -(^co-Z-CAisyridyOethyQbenzofuran • hydrochloride (Compound 112) 

Substantially the same procedure as in Example 98 was repeated using Compound lit (3.0 g) obtained in Refer- 
ence Exanple 20 to give 2-(2-ethylphenyl)-7-methoxy-4-I1 -Qxo-2-{4-pyridyOethyl]ben20furan (1 .00 g, 27.8%) as a white 
solid. Then, substantially the same procedure as in Exarnple 51 was repeated using the obtained crystals to give Com- 
pound 112. 

Melting point: 186-188 'C 

NMR(DMSO-d6. 6, ppm): 1.19(t, J=7Hz. 3H), 2.87(q, J=7H2, 2H), 4.1 1(s, 3H). 4.93{s. 2H), 7.18(d. J=r8.5Hz. 1H). 
7.3-7.5(m. 3H). 7.61(s. 1 H). 7.75 (d, J=7.5Hz, 1H), 8.02(d, J*6Hz, 2H). 8.21(d, J«8.5Hz. 1H). 8.89(d. J=6H2. 2H) 
IR(KBr. cm"^): 2960. 2920. 1654. 1618, 1573 
MASS(rTVe): 371 (M^. 279 



Elemental analysis: C24H21NO3 • HO 


Found (%) 
Catod.(%) 


C:70.69, 
C:70.66, 


H:5.45. 
H:5.45. 


N:3.46 
N:3:43 



Example 113 

2-(2-lsopropytpheriyQ-7-methaxy-4-[1-oxo-2-(4-pyrkjyOethyqbenzofura^ 

Substantially the same procedure as in Example 98 was repeated using Compound llu (2.50 g) obtained in Refer- 
ence Example 21 to give 2-(2-isopropylphenyQ-7-methoxy-4-[1-oxo-2-(4-pyridyOethyqberizofuran (1.10 g. 37.0%) as a 
white solid. Then, substantially the same procedure as in Example 51 was repeated using the obtained crystals to give 
Corrpound 1 13. 

Melting point: 184-185 *»C 

NMR(DMSO-d6. 6. ppm): 1.23(d, J=6.5Hz, 6H), 3.44(sep. J=6.5Hz. 1H). 4.11(s. 3H), 4.94(s. 2H). 7.1 7(d, J=8.5Hz. 

1H), 7.37(dd, J=5Hz. 7Hz. 1H). 7.4-7.6 (m, 2H). 7.53(s, 1H), 7.62(d. J=7Hz. 1H). 8.02(d/J=6Hz. 2H), a22(d, 

J=8.5Hz. 1H). 8.90(d. J=6H2, 2H) 

IR(KBr. cm"^): 2960, 2950, 1653. 1618, 1577 

MASS(nVe): 385(M+), 293 



Elemental analysis: C25H23NO3 • HC\ 


Found (%) 
Calod.(%) 


C:71.00. 
C:71.16. 


H:5.73. 
H5.74, 


N:3.35 
N:3.32 



Example 114 

4-[2-(3,5-Dichloro-4-pyridyO-1-oxoethyq-7-methoxy-2-(4-pyridyi)benzolura^ hydrochloride (Compound 114) 

Sut>stantially the same procedure as in Exanple 97 was repeated using Corrpound llq (2.0 g) ot>tained in Refer- 
ence Example 17 to give 4-[2-(3,5-dichloro-4-pyridyO-1-oxoethyQ-7-methoxy-2-(4-pyridyObenzofuran (0.18 g, 9.1%) as 
a white solid. Then, sut>stantially the same procedure as in Example 51 was repeated using the obtained crystals to 
give Compound 114: 

Melting point: 263-266 •C 
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NMR(DMSOd6. PPm): 4.16(s. 3H), 4.91(s. 2H), 7,34 (d, J=9Hz. 1H). 8.40(d. J=9Hz. lH). 8.50(d. J=:6Hz. 2H), 
8.66(S, 1 H). 8.70(S. 2H). 8.97(d, J=6Hz, 2H). 
IR(KBr. cnT^): 1675. 1630. 1585. 1350 
MASS(m/e): 416. 414. 412(M^. 253, 252 



Elemental analysis: 




C21 H14N2O3CI2 • 2HCI • O.8H2O 


Found (%) 


C:50,36. 


H:3.68. 


N:5.45 


Calcd.(%) 


C:50.38, 


H3.54, 


N:5.59 



Example 115 

7-MethQxy-4-[1-axo-2-(4-pyridyOetM-2-(4i)yii^ (Compound 115) 

Substantially the same procedure as in Example 98 was repealed using Compound llq (2.6 g) obtained in Refer- 
ence Example 17 to give 7HnethQxy-4-[1-axo-2-(4-pyridyOethyil-2-(4-pyridy!)benzofur^ (1.78 g. 55.9%) as a white 
solid. Then, substantially the same procedure as in Example 51 was repeated using the obtained crystals to give Com- 
pound 115. 



Melting point: 225-228 *C 

NMR(DMSOHd6, 6, ppm): 4.13(s. 3H). 5.00(s. 2H), 7.32 (d. J=9H2. 1H), 8.07(d. J=6Hz, 2H), 8.25(d, J=9Hz, 1H), 
8.44{d. J=7H2. 2H), 8.57(s, 1 H). 8.9-9.0(m. 4H) 
IR(KBr. cm-^): 1665, 1635, 1610, 1520. 1350 
MASS(m/e): 344(M*), 252 



Elemental analysis: 




C21H16N2O3 • 2.0HCI • 2.OH2O 


Found (%) 


C:55.74. 


H:4.82. 


N:6.10 


Galcd.(%) 


C:55.64. 


H:4.89. 


N:6.18 



Example 116 



4-[2-(3,5-Dichloro-4-pyridyO-1-oxoethyq-7HrnethQxy-2-(2--pyri (Compound 116) 

Substantially the same procedure as in Example 97 was repeated using Compound llr (3.0 g) obtalnoJ in Refer- 
ence Example 1 8 to give 4-[2-(3.5-dichloro-4i3yridyl)-1 -OKoethyl]-7-methGKy-2-(2-pyridyObenzofuran (1 .89 g, 63.4%) as 
a yellowish white solid. Then. substantidHy the same procedure as In Example 51 was repeated using the obtained 
crystals to give Compound 1 16. 

Melting point: 226-227 '^C 

NMR(DMSO-d6. 6. ppm): 4.1 4(s. 3H). 4.88(s, 2H). 7.24 (d. J=9Hz. 1 H). 7.53(dd, J=:5Hz. 7Hz, 1H), 8.0-8. 1(m, 2H). 
8.13(s. 1H). 8.34{d. J=9Hz. 1H). 8.70(s. 2H). 8.73{d. J=5Hz, 1H) 
IR(KBr. cm-^): 1670, 1605. 1580. 1310 
MASS[FAB(|X)S.), m/e]: 417, 415, 413(M^. 252 
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Bemental analysis: C2iHi4N203a2 '2Ha 


5 


Found {%) 


C:51.71, 


H3.26. 


N:5.62 




Calocl,{%) 


C:51.88. 


H:3.32» 


N:5.76 
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Example 117 

7-Methc>xy-4-[1-oxo-2-{4-pyridyl)ethyl]-2K2i>yridyOb hydrochloride (Compound 117) 

75 Si^)StantiaIty the same procedure as in Exanple 98 was repeated using Compound llr (4.0 g) obtained in Refer* 
ence Example 18 to give 7-melhoxy-4-{1-axo-2-(4-pyridyI)ethyl]-2-(2-pyridyl)benzofuran (1.30 g. 26.6%) as a white 
solid. Then, substantially the same procedure as in Example 51 was repeated using the obtained crystals to give Com- 
pound 117. 

20 Melting point: 218-220 "0 

NMRpMSOde, 6. ppm): 4:i3(s. 3H). 4.97(s, 2H). 7.23 (d, J=8Hz, 1H), 7.49{m, 1H), 8.0-8.1(m, 5H), 8:22{d, 
J=8Hz, 1 H), 8.72{d, J=4Hz. 1 H). 8.93(d. J=6Hz, 2H) 
IR(KBr, cm-"^): 1670. 1610. 1470, 1305. 
MASS(m/e): 344{M*), 252 ; 

2S 



Elemental analysis: 




C21 Hi 6N2O3 • 2.0HCI • O.6H2O 


Found {%) 


C:58.86. 


H:4:54. 


N:6.47 


CalGd.(%) 


G:58.92. 


H:4.52. 


N:6.54 



Example 118 

7-MethQxy'^1-axD-2-(4-i;>yridyl)ethyi]-3-phenylbenzofuran • hydrochloride (Compound 118) 

40 Substantially the same procedure as In Exanple 98 was repealed using Compound ilv (0.60 g) obtained in Refer- 
ence Example 22 to give 7-m6thoxy-4-[1-QXO-2-(4-pyridyl)ethyQ-3-pheriylbenzofuran (0.25 g. 35%) as a white solid. 
Then, sulsstantiatly the same procedure as in Example 51 was repeated using the obtained crystals to give Compound 
118. 

45 Melting point: 176-178 ''C 

NMR(DMSO<l6. 6. K>m): 4.08(s. 3H). 4.77(s. 2H). 7.13-7.44{m. 6H). 7.80(d. J=:6Hz. 1H). 7.98(d. J=8Hz, 1H). 
8.21(s. 1H), 8.84(d. J=6Hz. 1H) 
IR(KBr, cm'^): 1674, 1618. 1402, 1304 
MASS(nVe): 343(M*) 



Elemental analysis: 




C22H17NO3 • HQ • OlSHgO 




Found (%) 


C«7.85. 


H:4.88. 


N:3.52 


Calod.(%) 


C:67.95, 


H:4.92, 


N:3.60 
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Example 119 

4- [2-(3.5-Dichloit>-4-pyridyt)-lK>xoethyQ-3-ethOKy (Compound 119) 

(Step A) W-^I2K3.5-DicWoro-4i3yridyO-1rhyd (Compound 119a) 

Substantially the same procedure as In Step A of Example 45 was repeated using Compound iq (0.28 g) obtained 
in Reference Example 10 to give Compound 1 19A (0.31 g, 70%) as a pale-yellow solid. 

Melting point: 133-135 •'C 

NMR(CDCl3. 6. ppm): 1.22{t. J=7Hz. 3H). 2.40(d, J=5Hz. 1H). 3.34(dd. J=4. 13Hz, 1H), 3.76(dd. J=10. 13Hz. 1H). 
3.97(s. 2H). 4.02(8. 3H), 4.07-4.23(m. 2H), 5.30.5.46(m, 1H), 6.82(d, J=8Hz. 1H). 7.32 (d. J=8Hz. 1H), 7.64(s. 1H). 

8.46 {S.2H) 

(Step B) (Compound 119) 

Substantially the same procedure as in Example 95 was repeated using Compound 1 19A (0.30 g) obtained in Step 
A to give Conpound 1 19 (0.28 g. 95%) as a white solid. 

Melting point: 105-1 15 •C 

NMR(CDCl3. 6. ppm): 1.1 6(t. J=7Hz, 3H), 3.88(s, 2H), 4.00-4.15(m. 5H), 4.69(s, 2H), 6.87(d. J=8H2, 1H). 7.65(s. 
1H), 7.95(d. J=8Hz, 1H). 8.51(S, 2H) 

Example 120 

3-Ethoxycartx)nylmethyl-7-methoxy-4-[1-oxo-2-(4-pyridyOethyl]benzofuran (Compound 120) 

Compound 119 (0.04 g) obtained in Example 1 19 was dissolved in DMF-methanol (1:1) (1.0 ml), and 10% palla- 
dium carbon (0.01 6 g) was added thereto^ followed by hydrogenation at normal temperature and nonmal pressure for 6 
hours. The catalyst was removed and the filtrate was concentrated. Water and a saturated aqueous solution of sodium 
bicarbonate were added to the residue, and a precqiHtate was collected by fOtration and dried to give Compound 120 
(0.02 g, 9%) as a wNte solid. 

Melting point: 111-117 "^C 

NMR(CDCl3. 6, ppm): 1.18(t J=7Hz. 3H), 3.92(s, 2H), 4.03(q. J=7Hz, 2H). 4.07(s, 3H), 4.29(s, 2H), 6.82(d, J=9Hz, 
1H). 7.22(d. J=6Hz. 2H), 7.69(s, 1H). 7.75(d, J=9Hz, 1H). 8.56(d, J=6Hz, 2H) 

Example 121 

5- (3,5-Dichtoro-4-pyridylamlnocarlx>nyQ-8-nf)ethQxy-2.^^ (Compound 121) 

Substantially the same procedure as in Example 1 was repeated using Compound llao (0.432 g) obtained in Ref- 
erence Example 41 1o give Compound 121 (0.229 g. 33%) as a white sofid. 

Melting point: 174-178 '*C 

NMR(CDCl3. 5. ppm): 1.51(s. 6H), 3.92(s, 3H), 5.77(d. J=10Hz. 1H). 6.82(d, J=8.7Hz, 1H), 6.95(d, J=10Hz. 1H). 

7.29(d, J=8.7Hz. 1H). 7.41 -7.52(brs. 1H), 8.58(s, 2H) 

MASS(nVe): 378(M*) 

iR(KBr, cm'i): 1660, 1480. 1280 



Elemental analysis: C18H16N2O3CI2 


Found (%) 
Calcd.(%) 


C:57.12. 
C:57.01, 


H:4.37. 
H:4.25, 


N:7.23 
N:7.39 
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Example 122 

5-(3.5'Pichloro-4-pyridylanrnnocarbonyO-8-methGocy-2,2<li^ 122) 

Substantially the same procedure as in Example 1 was repeated using Compound Map (1 .05 g) obtained In Refer- 
ence Example 42 to give. Compound 1 22 (0.94 g. 56%) as a white solid. 

Melting point: 155-156 'C 

NMR(CDCl3. 6, ppm): 1.42{s, 6H), 1.82{t J=7.2H2, 2H), 3.05{t J=7.2Hz. 2H), 3.91{s, 3H). 6.79(d. J=8.3Hz. IH), 

7.28{d. J=8.3Hz, 1 H). 7.38-7.59 flDrs. 1 H), 8.56(s. 2H) 

MASS{m/e): 380(M*) 

IR(KBr, cm-^): 1680. 1480, 1280 



Elemental analysis: C18H18N2O3CI2 


Found {%) 
Calcd.(%) 


C:56.71. 
C:56.71, 


H:4.84. 
H:4.76. 


N:7.22 
N:7.35 



Example 123 

5-(3,5-Dichloro-4-pyridylamtnocaitx>nyO-8-meihoxy-sp (Compound 123) 

Substantially the same procedure as in Example 1 was repeated using Compound llaq (1 .67 g) obtained in Refer- 
ence Example 43 to give Compound 1 23 (1 .44 g, 55%) as a white. solid. 

Melting point: 129-131 •C 

NMR(CDCl3. 6. ppm): 1 .50-2.32(m. 8H), 3.90(s, 3H), a82(d, J=9.0Hz. 1 H), 6,80(d. J=8.2Hz. 1 H). 6.99 (d, J=9-0Hz. 

1H), 7-28(d. J=8.2Hz. IH). 7.39-7,51(brs, IH), 8.55(s. 2H) 

MASS(nVe):404(M+) 

IR(KBr, cm*^): 1670. 1480. 1270 



Elemental analysis: C20H18N2O3CI2 


Found (%) 
Calcd.(%) 


C:59.13. 
C:59.27, 


H:4.54, 
H:4.48. 


N:6.66 
N:6.91 



Example 124: 

8-Methoxy-5-(4i3yndylamiriocarbonyO-spiro[3,4-dihydrDt^^ • methanesuHonate (Com- 

pound 124) ' . 

Substantially the same procedure as in Exanple 6 was repeated using Conpound lias (0.96 g) obtained in Refer- 
ence Example 45 to give 8-mefthoxy-5-(4-pyridylanriinocart)onyt)-spiro[3,4<iihydrobenzopyran-2,1^ (1 .14 
g. 92%) as a white solid. Then, substantially the seime procedure as in Example 50 was repeated using the obtained 
solid to give Compound 124. 

Melting point: 231-233 ''C 

NMR(DMSO, 6. ppm): 1.45-1.93(m, 10H). 2.30(s. 3H). 2.92(t. J=5Hz, 2H). 3.80(s, 3H), 6.94(d, J=8Hz. IH), 7.21(d, 
J=8H2, 1 H), 8.2p(d, J«7Hz; 2H). 8.72(d, J=7Hz. 2H), 1 1 .4(s. 1 H) 
IR(KBr, cm*^): 1690. 1510. 1270 
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Elemental analysis: 
C20H22N2O3 • CH3SO3H • 0.1 H2O 



Found (%) 


0:57.78. 


H«.10i 


N:6.15 


Calcd.(%) 


C:57.81. 


H:6.05. 


N:6.42 



Example 125 

8-MetliQxy-5-[2-(4-pyridyOethenyQ-splro[3,4<Jihydrobenzop^ * hydrochloride (Compound 125) 

(Step A) 5-[1-Hydroxy-2-(4-pyridyl)ethyq-8-methoxy--spiiY>[3.4<li^ (Compound 
125a) 

Compound 127 (0.78 g) obtained in Example 127 was dissolved in methanol (8 ml) and sodium borohydride (0.18 
g) was added thereto urxJer ice-cooling, followed by stirring at room temperature for 2 hours. The mixture was cooled 
again with ice and dilute hydrochloric acid was dropwise added thereto After the solvent was distilled off, water was 
added to the residue, and the mixture was extracted with ethyl acetate and washed with a saturated saline. The result- 
ant was dried over sodium sulfate and the solvent was distilled off to give Compound 125a (0.63 g. 80%) as white crys- 
tals. 

Melting point: 153-156 ^'C 

NMR(CDCl3. 6. ppm): 1.36-2.07(m. 10H). 2.30-2.50(m. 1H), 2.70-3.10(m. 3H), 3.83(s. 3H), 4.99^5.10(m, 1H), 
6.78(d, J=8^H2, 1H). 7.02(d. J=8.2Hz. 1H), 7.08(d. J=6.8Hz, 2H), 8.46(d, J=6.8H2. 2H) 
MASS(m^e): 339(M^) 

(Step B) (Compound 125) 

Substantially the same procedure as in Example 67 was repeated using Compound 125a (0.58 g) obtained in Step 
A to give 8-methoxy-5-[2-(4-pyr!dyl)ethenyl]-spiro[3.4<iihydroben2opyran-2 J '-cyclopentane] (0.355 g, 65%) as a yellow 
solid. Then, substantially the same procedure as in Example 51 was repeated using the obtained solid to give Com- 
pound 125. 

Melting point: 208-215 •C 

NMR(CDCl3, 6. ppm): 1 .49-1 .99(m, 1 0H), 2.95(t. J=B.SHz, 2H), 3.90(s, 3H), 6.80 (d. Ja8.5Hz« 1 H). 7.00(d, J»1 5Hz, 
1H). 7.29(d. J«8.5Hz, 1H). 7.70-7.90(m. 3H), 8.50-a67(m, 2H) 
IR(KBr, cm*^): 1620. 1580. 1500 



Elemental analysis: 






H23NO3 • Ha • 0.2H2O 




Found (%) 


C:69.75, 


H:6.74, 


N:3.82 


Calod.(%) 


C.-69.78. 


H.-6.80, 


N:3.87 



Example 126 

8-Methoxy-5-[2-(4-pyridyOethenyl]-spiro[3.4-dihydroben2opyran-2, 1'-cyclohexane] • hydrochloride (Compound 126) 
(Step A) 5-[1-Hydroxy-2-(4i>yridyOethyl]-8-methoxy-spiro[3,4-dihydrobenzopyran-2.r-cyclohexane] (Compound li26a) 
Substantially the same procedure as in Step A of Example 125 was repeated using Compound 128 (0.73 g) 
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obtained in Exanv)le 128 to gh^ Compound 126a (0.47 g/64%) as 
Melting point: 123-133 

NMR{CDCl3, PP"^)- 1.20-1.90{m, 12H), 2.29-2.45(m. 1H), 2.68-3.15(m, 3H), 3.86{s. 3H). 4.98-5.12(m, IH). 
6.78(a J=9Hz. 1 H). 7.01 (d. J=9Hz, 1 H), 7.08 (d. J=6Hz, 2H), 8.47(d, J=:6Hz. 2H) 

(Step B) (ConrpoLoid 126) 

Sut^tantially the same procedure as in Example 67 was repeated using Compound 126a (0.48 g) obtained in Step 
A to give 8-methQxy-5-[2-(4i3yridyt)ethenyQ-spiro[3.4<iihydroberi^^ (0.14 g. 31%) as yeliow 

crystals. Then, substantially the same procedure as in Example 51 was repeated using the obtained crystals to give 
CompourKi 126. 

Melting point: 222-230 

NMR(CDCl3. 6. ppm): 1.25-2.00(m, 12H). 2.90(t J=7H2, 2H). 3.92(s. 3H), 6.80 (d. J=9Hz, 1H), 6.97{d. J=16Hz. 
1H). 7.75-7.90(m. 4H), 8.59(d, J=6H2, 2H) 



Elemental analysis: 
C22H25NO2 • Ha • 0.1 HgO 



Found (%) 


0:70.68, 


H:7.04, 


N:3.65 


Calcd.(%) 


C:70.71, 


H:7.07. 


N:3.75 



Example 127 

8-Methoxy-&{1 -CKO-2-(4-pyridyf)ettiyl]-spiro[3,4-dihydrobenzopyran-2, i '-cyclopentane] • hydrochloride (Compound 
127) 

Substantially the same procedure as in Example 98 was repeated using Compound liar (1 .83 g) obtained in Ref- 
erence Example 44 to give 8-methoxy-5-[1-oxo-2-(4-pyridyOethyl]-spiro[3,4-dihydrobenzopyran-2.1'-cyclopente 
(1 .61 g, 72%) as a pale-yellow solid. Then, scbstantially the same procedure as in Example 51 was repeated using the 
obtained solid to give Compound 127. 

Melting point: 186-192^C 

NMR(CDCl3. 6, ppm): 1.50-2.07(m, 10H), 3.06{t, J=6.8Hz. 2H), 3.91 (s, 3H), 4.59(s, 2H), 6.80(d, J=8.5Hz. 1H),' 
7.52(d, J=8.5Hz, 1H), 7.88(d, J=6.7Hz, 2H). 8.72(d. J=6.7Hz, 2H) 
IR(KBr. cm'^): 1670. 1560. 1280 



Elemental analysis: 




C21H23NO3 • HCI • O.4H2O 




Found (%) 


C:66.19. 


H:6.75. 


N:3.72 


Calcd.(%) 


cm 19. 


H:6.56. 


N:3.68 



Example 128 

8-Methoxy-5-[1 -axo-2-(4-pyridyl)ethyl]-spiro[3.4-dihydrobenzopyran-2, 1 '-cyclohexane] • hydrochloride 

Substantially the same procedure as in Example 98 was repeated using Compound Mat (2.1 g) obtained in Refer- 
ence Exanple 46 to give 8-methaxy-5-[1-oxo-2-(4-pyridyOethyn-spirot3.4-dihydrobenzopyran-2.V-cyclohexarie] (1.2 g. 
48%) as pale-yellow crystals. Then, substantially the same procedure as in Example 51 was repeated using the 



103 



EP0771794A1 

obtained crystals to grve Compound 1 28. 



Melting point: 185-194 

NMR(CDCl3. 6. Ppm): 1.25-1 .90{m. 12H). 3.01 (t. J=7Hz. 2H). 3.95(8. 3H), 4.56(s. 2H), 6.82(d. J=9Hz, 1H), 7.51 (d, 
J=9I^. 1H), 7.82(d, J=6H2. 2H), 8.71 (d, J=6Hz, 2H) 



Elemental analysis: 




C22H25NO3 • HQ • O.SHgO 




Found (%) 


C«6.34. 


HS.84, 


N:3.45 


Calcd.(%} 


0:66.27, 


H:6.88, 


N3.51 



Example 129 

7-(3,5>Dichloro-4i>yrklylaminocaitx>nyO-4HT)e^ (Compound 129) 

Substantially the same procedure as in Example 1 was repeated using Compound llav (1.00 g) obtained in Refer- 
ence Exanrple 48 to give Compound 129 (1.33 g, 84%) as pale-yellow crystals. 

Melting point: 156-158 *C . 

NMR(CDCl3, 6. ppm): 1.80-2.29(m. 8H). 3.20(s. 2H), 3.91(S. 3H). 6.58{d. J=:9Hz, 1H). 7.99(d, J=9Hz. 1H), 8.54{s, 
2H),9.42(S. 1H) 

IR(KBr, cm-^): 1690. 1552, 1495, 1271 
MASS(nVe): 392(M*) . 



Elemental analysis: CigH^8N203Cl2 


Found (%) 
CalGd.(%) 


C:58.06. 
0:58.03, 


H:4.56. 
H:4.61, 


N:6.94 
N:7.12 



Exanrple 130 

4-Metho)v-7-(4-RyridyIaminocarbonyl)-spiro[2,3Kji^ (Com- 
pound 130) 

Substantially the same procedure as in Example 6 was repeated using Compound llav (1 .00 g) obtained in Refer- 
ence Example 48 to give 4-methQxy-7H[4-pyridy!anr]inocartx)nyO-spiro[2,3-dihydrt^nzofura^ (0.88 
g, 63%) as pale-yellow crystals. Then, substantially the same procedure as in Exanple 50 was repeated using the 
obtained crystals to give Compouid 130. 

Melting point: 164 •C (decomposed) 

NMR(DMSad6, 6, ppm): 1.75-1.88(m. 6H). 2,10-2.22(m. 2H). 2.31(s, 3H), 3.18(s, 2H), 3.89(s, 3H), 6.76 (d, J=9Hz. 
1H). 7.72(d, J=9Hz, 1H). 8.1 3(d, J=7Hz. 1H). 8.75(d. J=7Hz, 1H), 10.5(s, 1H) 
IR(KBr. cm-^): 1693. 1612, 1512, 1267 
MASS(nVe): 324(M+) 
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Elemental analysis: 
C19H20N2O3 • CH3SO3H • O.3H2O 



FourxJ (%) 


0:56.45, 


H:5.78. 


N:6.52 


Calcd.(%) 


C:58.4i; 


H:5.82. 


N:6.58 



Example 131 

7-[2-(3,5-DicNoro-4-pyridyl)ethenyq-4-methoKy-spi^^^ (Compound 131) 

(Step A) 7-[2-(3,5-DicMoro-4-pyrtdyl)-1-liydroKyethyq-4-methoxy-^ 
(Ck>mpound 131a) 

Substantially the same procedure as in Step A of Example 45 was repeated using Compound llau (1 .00 g) obtained 
in Reference E)^mple 47 to give Compound 1 31 a (1 .32 g. 78%) as pale-yellow crystals. 

NMR(CDa3. 6. ppm): 1.70-2.20(m, 8H), 2.91(d. J=9Hz, 1H), 3.i1(s, 2H), 3.25(dd. J=5, 13Hz. 1H). 3:61 (dd, J=9. 
13Hz. 1H), 3.82{s, 3H). 4.94-5.03(m. 1H), 6.35(d, J=9H2. 1H), 6.98(d. J=9Hz. IH), 8.43(5, 1H) 
MASS(m/e): 393(M*) 

(Step B) (CompouTd 131) 

Substantially the same procedure as in Example 67 was repeated using Compound 131a (0.66 g) obtained in Step 
A to give Compound 131 (0.55 g, 87%) as yellow crystals. 

Melting point: 99-101 *>C 

NMR(CDCl3. 6, ppm): 1.65-2.20(m. 8H), 3.1i(s, 2H), 3.82(s. 3H), 6.38(d. J=9H2, 1H), 7.13(d. J=9Hz, IH), 7.45(d. 
J=1 7H2, 1 H), 7.50(d. J=1 7Hz. 1 H). 8.43(s. 2H) 
IR(KBr. cm-^): 1612. 1556. 1500, 1232 
MASS(nVe): 375(M*) 



Elemental analysts: C20H19NO2CI2 


Found (%) 
Calod.(%) 


C:64.14, 
C:63.84. 


H:5.19, 
H:5.09. 


N:3.57 
N:3.72 



Example 132 

7-[2-(3,5-Dichloro-4-pyridyl)-1-oxoethyO-4-methoxy-spiro[2,3<lihydrobenzofurarh2 J (Compound 132) 

Sut3stantially the same procedure as in Example 95 was repeated using Compound 131a (0.66 g) obtained in Step 
A in Example 131 to give Compound 132 (0.23 g, 35%) as white crystals. 

Melting point: 70-72 'C 

NMR(CDCl3. 5. ppm): 1.78-2.24(m, 8H), 3.16(s. 2H), 3.90(s, 3H). 4.63(s, 2H), 6.51(d, J=9Hz. 1H). 7.82(d, J=9Hz, 
1H).8.49(S,2H) 

IR(KBr. cm-i): 1668. 1427. 1297. 1093 
MASS(m/e):391(M*) 
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Elemental analysis: C2oHi9N03a2 


Found (%) 
Calcd.(%) 


C:61.30, 
0:61.24, 

> 


H:4.84. 
H:4.88. 


N.a41 
N:3.57 



Example 133 

4-Melhoxy-7-[1 -oxo-2-(4-pyridyl)ethyl]-spiro[2,3-dlhydrobenzofuran-2, 1 '-cydopentane] (Compound 1 33) 

IS Substantially the same procedure as In Example 98 was reseated using Compound Haw (0.86 g) obtained in Ref- 
erence Example 49 to give Compound 133 (0.42 g. 40%) as white crystals. 

Melting point: 101-103 °C 

NMR(CDCl3. 6. ppm): 1.73-2.17(m. 8H), 3.11(s. 2H). 3.88(s, 3H), 4.26(s. 2H). 6.49(d. J=9Hz, 1H). 7.17-7.19(m, 
20 2H), 7.81 (d. J=9Hz. 1 H), 8.50-8.53 (m, 2H) 
IR(KBr, cm-^): 1680, 1612. 1430. 1248 
MASS(nVe): 323(M*) 



25 


Elemental anaJysis: C20H21NO3 




Found (%) 


C:74.63, 


H:6.68. 


N:4.26 




Calcd.(%) 


C:74.28. 


Hfi.54. 


N:4.33 



30 



Example 134 

35 7-(3,5-Dichloro-4-pyridylaminocartx)nyl)-4-methaxy-spiro[1 .3-benzodioxole-2, 1 '-cydopaitanej (Compound 1 34) 

Substantially the same procedure as in Example 1 was repeated using Compound liaz (0.70 g) obtained in Refer- 
ence Example 52 to give Compound 134 (0.73 g, 66%) as white crystals. 

40 Melting point: 168-170 'C 

NMR(CDCl3, 6. ppm): 1.84-1.96(m. 4H), 2.24-2.31(01. 4H), 3.97(s. 3H). 6.67(d, J=9Hz, 1H). 7.60(d, J=9H2. 1H). 

8.55(8, 21^, 8.78{s.1H) 

IR(KBr. cm-^): 1689. 1641, 1490. 1286 

MASS(m/e): 394(M*) - 

. 45 





Elemental analysis: C18H16N2O4CI2 




Found (%) 


C:54.57. 


H:4.05, 


N:6.95 


SO 


Calcd.(%) 


0:54.70, 


H:4.08. 


N:7.09 



55 Example 135 

4-Methoxy-7-(4-pyridylaminocarbonyl)-spiro[1 ,3-benzodioxole-2.1'-cyclopentane] • methanesulfonate (Compound 135) 
Substantially the same procedure as in Exanrple 6 was repeated using Compound lIaz (0.84 g) obtained in Refer- 
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ence Example 52 to give.4-fTiethCKy-7-(4rpyrklytaminocaitx>nyO-spiro[^ g. 
31%) as pale-yellow crystals. Then, sidsstantially the same procedure as in Example 50 was repeated using the 
obtained crystals to give Compound 1 35. 

Melting point: 133-134 •C 

NMRCDMSOde, 6. ppm): 1 ;77-1 .83(m, 4H), 2.06-2.22{m. 4H). 2.31(s, 3H), 3.90(5. 3H), 6.84(d. J=9Hz. 1 H), 7.36(d. 
J=9Hz. 1H). 8.18{d, J=7Hz, 2H), 8.73(d. J=7H2. 2H), 10.9(s, 1H) 
IR(KBr, cm-^): 1637, 1508. 1280. 1120 ' 
MASS(m/e): 326(M*) 



• 


Elemental analysis: 
N2O4 • CH3SO3H • O.3H2O 


Found (%) 
Calod.(%) 


C:53.34, 
C:53.34. 


H:5.20, 
H:5.32, 


N:6.58 
N:6.55 



Example 136 

4-MethQxy-7-[2-(4-pyridyOethyg-spiro[1.34)en3EodicKole-2,1 • hydrocNoride (Compound 136) 

Suk>stantiany the same procedure as in Example 120 was repeated using Compound 138 (0.86 g) obtained in 
Example 138 to give 4-methoxy-7-[2-(4-pyridyl)ethyO-spiroI1,3-benzodioxole-2,1'-cyclopentane] (0.078 g, 99%) as 
pale-yellow crystals. Then. suk>stantiany the same procedure as in Example 51 was repeated using the obtained crys- 
tals to give Compound 136. 

Melting point: 160-162 «C 

NMR(DMSO-d6. 6, ppm): 1.71-2.01(m. 8H). 2.89(t. J=7H2. 2H), 3.15(t J=7Hz. 2H), 3.75(s. 3H), 6.51(d, J=9Hz, 
1 H). 6.61 (d. J=9Hz. 1 H), 7.83(d, J=6Hz. 2H). 8.79(d. J=6Hz. 2H) 
|R(KBr. cm-^): 1640. 1508. 1456, 1333 
MASS(nVe):311(M+) 



Elemental analysis: 
Ci9H2iNO^ • HQ • 0.2H^ 



Found (%) 


C:64:82, 


H«.35, 


N:3.82 


Calod.(%) 


C:64.93, 


H£.42. 


N:3.99 



Example 137 

4-Methoxy-7-[1-phenyl-2-(4-pyridyOethyl]-spiro[1,3-benzodlaxole-2,V-cydopenlarte] -h^ (Compound 137) 

Substantially the same procedure as in Example 120 was repeated using Compound 139 (0.76 g) obtained in 
Example 1 39 to give 4-methoxy-7-[1 -phenyl-2-(4-pyridyl)elhy!]-spiro[1 .3-benzodiQxole-2,1 *-cyclopentarie] (0.75 g, 98%) 
as a pale-yellow oily substance. Then, substantially the same procedure as in Example 51 was repeated using the 
obtained crystals to give Compound 137. 

Melting point: 179-182 '^C 

NMR(DMSO-d6. 5, ppm): 1 .75-2.00(m. 8H), 3.64-3.71(m. 2H). 3.72(s. 3H). 4.48(t. J=8Hz, 1H). 6.51(d. J»9Hz. 1H). 
6.76(d. J=r9Hz. 1 H). 7.1 6-7.38(m. 5H), 7.84(d, J=5Hz. 2H). 8.75(d. J=5H2. 2H) 
IR(KBr. cm-^): 1645. 163i3, 1504 
MASS(m/e): 387(M*) 
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Elemental analysis: 




C25H25NO3 • Ha • O.3H2O 




Found fJG) 


C:70.07. 


H:6.23. 


N3.17 


Calcd.(%) 


C:69.94, 


H:6.24, 


N:3.26 



Example 138 

7-[2-(3,5-Dichldro-4-pyridyl)ethenyQ-4-methoxy-spirc)[^ (Ck)rTpound 138) 

(Step A) 7-[2-{3,543icMoro-4iJSfridyO-1-hydroxyefth^ (Com- 
pound 138a) ^ ^ i\ 

Substantially the same procedure as in Step A of Example 45 was repeated using Compound llax (0.47 g) obtained 
In Reference Example 50 to give Compound 138a (0.73 g, 92%) as pale-yellow crystals. 

NMR(CDCl3. 6. ppm): 1.75-2.15(m. 8H). 3.09(d. J=6Hz. IH), 3.31(dd, J=6, 13Hz. 1H). 3.51(dd. J=9. 13Hz. 1H) 
3.87(s, 3H). 5.09-5.15(m. 1H). 6.46(d. J=9Hz. 1H). 6.79(d. J=9Hz. 1H), 8.34(s, 2H) 
MASS(nVe): 395(M*) 

(Step B) (Compound 138) 

Substantially the same procedure as in Example 67 was repeated using Compound 138a (0.74 g) obtained in Step 
A to give Compound 138 (0.59 g, 80%) as yellow crystals. 

Melting point: 100-101 •C 

NMR{CDa3, 6. ppm): 1.82-1.94(m, 4H), 2.14-2.26(m. 4H). 3.91(s, 3H), 6.51(d, J=9Hz. 1H). 6.87(d, J=9Hz 1H) 
7.30(d. J=16Hz. 1H). 7.42(d. J-16Hz, 1H), 8.45(s. 2H) 
IR(KBr. cm-^): 1618. 1452. 1288, 1113 
MASS(m/e): 377(M*) 



Elemental analysis: CigH^yNC^sGe 


Found (%) 
Calod.(%) 


CfiO.39. 
C£0.33. 


H:4.49, 
H:4.53. 


N:3.65 
N:3.70 



Example 139 

4-MethQxy-7-[1-phenyf-2-(4wridyOelhenyO-spiroI1.3-benzodioxDle-2J'-^ (Corrpound 139) 

(Step A) 7-[1-HydrQxy-1i3henyl-2-(4i3yridyOettyO-4-methoxy-splro[1.34)OT^ (Compound 
139a) 

Substantially the same procedure as in Step A of Example 47 was repeated using Compound llba (4.90 g) obtained 
in Reference Example 53 to give Compound 1 39 (5.34 g. 84%) as pale-yellow crystals. 

NMR(CDCl3. 6. ppm): 1.69-2.10(m. 8H). 3.10 (s. 1H). 3.46(d, J=12Hz. 1H). 3.69(d, J=12Hz. 1H). 3.87(s 3H) 
6.44(d. J=9H2. 1H). 6.71(d, J=9Hz, 1H). 6.93{d. J=6H2, 2H), 7.22-7.39(m. 5H), 8.37(d. J=6H2. 2H) 
MASS(m^e):403(M*) 



108 



EP0771 794 A1 



(Step B) (Compcnjnd 139) (an E/Z mixture) . / 

Substantially the same procedure as in Example 67 was repeated using Compound 139a (2.0 g) obtained in Step 
A to give Compourxi 139 (0.76 g, 40%) as pale-yellow crystals. 

NMR(CDCl3. 6, ppm): 0.83'2.22(m. 8H). 3.88(s. 3H x 0.75). 3.92{s:, 3H x 0.25). 6.39(s, 2H x 0.75). 6.49-6.53(m. 2H . 
X 0.25), 6.79(d, J=6H2. 2H x 0.75). 6 88{s. 1 H x 0.25). 7.00(d, J=6H2, 2H x 0.25). 7.20(8. 1H x 0.75), 7.15-7.38(m, 
5H). 8.31(d. J=8Hz. 2H X 0.75), 8.40(d, J=6H2, 2H X 0.25) 
MASS(m/e): 385(M*) 

Example 140 

7-I2-(3,5-DiclTloro-4-pyridyl)-1-oxoethyI]-4-methoxy-spiroI1 ,3-benzodioxole-2,1 '-cyclopentane] (Conpound 140) 

Sut)stantially the same procedure as in Example 95 was repeated using Compound 138a (1 .50 g) obtained in Step 
A of Example 138 to give Compourxj 140 (0.77 g, 52%) as white crystals. 

Melting point: 110-112 'C 

NMR(CDCl3. 6. ppm): 1.83-1.96(m. 4H), 2.18-2.28(m. 4H). 3.97(s, 3H), 4.59(s. 2H). 6.61(d; J=9Hz. 1H), 7.47(d. 

J=9Hz. 1H). 8.50(s. 2H) 

IR(KBr. cm*''): 1633. 1448, 1286, 1263 

MASS(nVe):393(M*) 



Elemental analysis: C19H17NP4CI2 


Found (%) 
Calcd.(%) 


C:58.05, 
C:57.88, 


H:4.32. 
H:4.35. 


N:3.52 
N:3.55 



Example 141 

4-Methoxy-7-[1 -Qxo-2-(4-pyridyl)ethyl]-spiro[1 ,3-benzodioxole-2, 1 *-cycIopentane] • hydrochloride (Compound 141) 

Sut>stantially the same procedure as in Example 98 was repeated using Compound Hay (1 .0 g) obtained in Refer- 
ence Example 51 to give 4-rnethQxy-7-[1-oKO-2-(4-pyridyOethyQ-sptro[1,34>enzodiQ^ (0.33 g. 
27%) as white crystals. Then. sut>stantially the same procedure as in Example 51 was repeated using the obtained . 
crystals to give Compound 141. 

Melting point: 110-111 "C 

NMR(CDCl3. 6. ppm): 1.75-1.88(m. 4H). 2.18-2.28(m. 4H), 3.90(s; 3H), 4.62(8, 2H), 6.82(d, J=9Hz. 1H). 7.38(d. 
J=9Hz, 1 H). 7.92{d. J=5Hz. 2H). 8.84(d. J=5Hz. 2H) 
IR(KBr, cm-^): 1668. 1633, 1446. 1119 

Example 142 

7-MethQxy-4-|2-(4-pyridyOethyriyq-spiro[2,3KiihydrobenzofurEm-2.1'-cydopente 

(Step A) 6:Bromo-4-[1 .2-dibromo-2-(4-pyridyl)ethyq-7-methoxy-spiro[2.3-dihydroberizofuran-2,1 -cy^ (Com- 
pound 142a) 

Bromine (0.1 ml) was dropwise added to a solution of {E)-7-methoxy-4-[2-(4-pyridyl)ethenyl]-spiro[2.3-dihydroben- 
20furan-2,1 '-cyclopentane] (0.18 g) obtained in Example 74 in dichloromethane (15 mi) at 0*C. followed by stirring at 
the same temperature for 30 minutes. Water was added to the reaction solution and the mixture was extracted with chlo- 
roform. The organic layer was washed with a saturated saline and dried over anhydrous magnesium sulfate, and the 
solvent was distilled off under reduced pressure. The residue was purified by silica gel column chromatography (ethyl 
acelate/h-hexane ~ 1/2) to give Compound 142a (0.26 g, 81.2%) as pale-yellow crystals. 
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NMR(DMS0^6, 5» PPm): 1.50-2.15(m. 8H). 3.24(d. J»15.3Hz, 1H), 3.65(d, J= 15.8Hz. 1H). 3.82(s. 3H). 5.90(d 
J=11.8Hz. 1H). 6.15(d. J=12.3H2, 1H), 7.13(s, 1H), 7.67(d, J=5.9Hz. 2H). 8.69(d. J=5.4Hz. 2H) 

(Step B) 6-Bromo-7-methoxy-442-{4i3yrkJyl)ethynyQ-spiro[2.3<lihydro^^ (Compound 
142b) 

Potassium tert-butoxide (0. 15 g) was added to a solution of Compound 142a (0.25 g) obtained in Step A in THF (9 
ml) at O^C, followed by stirring at room temperature for 5 hours. The reaction solution was poured into water and the 
mixture was extracted with diethyl ether: The organic layer was washed with a saturated saline and dried over anhy- 
drous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was purified by silica 
gel column chromatography (ethyl acelate/n-hexane = 1/1) to give Compound 142b (0.12 g, 68.2%) as pale-yellow crys- 



NMR{DMSO-d6. 6. PPm): 1.70.1.95(m. 6H), 2.05-2.25(m, 2H), 3.32(s, 2H), 3.88(s. 3H). 6.97(s. 1H) 739 (d 
J=5.4Hz.2H).8.60(d.J=5.4Hz,2H) \^ /. • I . 

MASS(m/e): 383. 385(M^) 

(Step C) (Compound 142) 

Under an argon atmosphere, a solution (2.6 ml) of Compound 1 42b (0.1 g) obtained in Step B in THF was cooled 
to -78'»C, and then a 1 .7M solution (0.2 mO of n-butyl lithium in hexane was dropwise added thereto, followed by stining 
at the same temperature for one hour. The reaction solution was adjusted to pH 7 by adding droppwise 1 N hydrochloric 
acid, followed by stirring at room temperature for one hour. A small amount of water was added to the reaction solution 
and the mixture was extracted with ether. The organic layer was washed wHh a saturated saline and dried over anhy- 
drous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was purified by silica 
gel column chromatography (ethyl acetate^hexane = 1/2) to give Compound 142 (0.014 g. 17.4 %) as pale-yellow 
crystals. 

Melting point: 128-131 ''C 

NMR(DMSO-d6. B. ppm): 1.42(s. 6H). 3.15(s. 2H). 3.80 (s, 3H). 3.87(s. 3H). 6.94(s, 2H). 7.62(d. J=8.4Hz. 2H). 
7.99(d.J=8,4H2.2H) ' 
IR(KBr. cm-^): 2216, 1589. 1506 
MASS(m/e): 305(M+) 

Example 143 

7-Methoxy-4-[l.axo-2-(N-oxo-4-pyridyl>ethyO-spiro[2.3-dihydrobenzofuran-2.1^ (Compound 143) 

m-Chloropeibenzoic add (0.72 g) was added to a solution of 7-methQxy-4-[1-oxo-2-(4-pyridyOethylhspiro[2.3-dihy- 
drobenzofuran-2.r-cyclopenlane] (0.27 g) obtained in Example 100 in dichloromethane (8.3 ml) at 0*^C.fbIlowed by stir- 
ring at room temperature for 5 hours. A saturated aqueous solution of sodium bicartxxiate was added to the reaction 
solution and the mixture was extracted with ethyl acetate. The organic layer was washed with a saturated saline and 
dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was 
purified by silica gel column chromatography (chlorofbrnVnrtethanol = 15/1) to give Compound 143 (0.07 g 24 8 %) as 
pale-yellow crystals. . ' 

NMR(DMSOKl6. 5. ppm): 1.72-1.91(m. 6H). 2.10-2.16(m. 2H). 3.51(s. 2H), 3.95{s. 3H). 4:24(s. 2H). 681 (d 
J=8.6Hz. 2H). 7.18(d. J=6.9Hz, 2H). 7.45(d. J=8.6Hz, 1 H). 8.20(d. J=6.9H2. 2H) 
MASS(nVe): 339(M*) 

Example 144 

7-Methoxy-4-[4-(methoxycarbonyl)phenyO-spiro[2.3<fihydrobenzofuran-2.rKjyclopen^ (Compound 144) 

(Step A) 7-MethQxy-4-tributylstannyl-spiro[2,3<lihydrobenzofuran-2.r-cyclopentane] (Compound 144a) 

Under an argon atmosphere, a solution (80 ml) of Compound lla-c (2.0 g) obtained in Step C of Reference Exanple 
1 in THF was cooled to -78'»C. and then a solution (5.0 mi) of 1 .70M butyl lithium in hexane was dropwise added thereto, 
followed by stirring at the same temperature for one hour. Tributyltin chloride (2.1 ml) was dropwise added to Ihe mix- 
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ture, followed by stirring at room temperature for 2 hours and then at 60''C for onid hour. The solvent was distilled off and 
the residue was dried under reduced pressure to give a crude desired product This product was immediately subjected . 
to a subsequent step without t>eing purified. 

(Step B) (Compound 144) 

A solution (30 ml) of Compound 144a obtained in Step A in DMF was added to a mixture of methyl 4-brornoben- 
zoate (1.67 g), palladium acetate (0.18 g), sodium cart>onate (2.10 g). and dimethyHbrmamide (DMF) (70 ml), followed 
by stirring at SO^'C for one hour. A small arrount of water was added to the reaction solution and the mixture was 
extracted with ethyl acetate. The organic layer was washed with 1 N hydrochloric acid and a saturated saline and dried 
over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was purified 
by silica gel column chromatography (ethyl acetate/hexane » 1/20} to give Compound 144 (1 .35 g, 55.6%) as coforiess 
crystals. 

Melting point: 116-122 'C 

NMR(DMSO-d6. S. PPm): 1-42(s, 6H). 3.15(s, 2H). 3.80 (s, 3H), 3.87(s. 3H), 6.94(s. 2H), 7.62(d, J=8.4H2. 2H), 
7.99(d. J:=8-4Hz. 2H) 
IR(KBr.cm-'»): 1720. 1606 
MASS(m/e): 312(M*) 



Elemental analysis: C19H20O4 


Found (%) 
CalodlOCO 


C:73.19. 
C:73.06. 


H«.58, 
H«.45, 


N:0.12 
NiO.OO 



Example 145 

4-(4-Cart>QxyphenyO-7HnethQxy-spiro[2.3Kiihydrobenzofuran-2.1*-cyclopentarie] (Compourxi 145) 

A mixture of Compound 1 44 (1 .0 g) obtained in Example 144, a 4N aqueous solution (8.0 ml) of sodium hydroxide, 
and ethanol (40 ml) was stirred at room tenperature for 4 hours. The solvent was removed arxJ the residue was dis- 
solved in water. Concentrated hydrochloric acid was dropwise added to the solution, arxi the generated precipitate was 
collected by filtration, washed with water, and dried to give Compound 145 (0.82 g. 85.9%) as white crystals. 

Melting point: 249-252 *»C 

NMR(DMSO-d6, 6. ppm): 1.42(s. 6H), 3.15(s, 2H). 3.80 (s, 3M), 6.94(s, 2H), 7.59(d. J=8.4Hz, 2H). 7.96 (d, 
J=7.9H2, 2H), 12.94(brs, 1H) 
IR(KBr, cm-1): 1681. 1606 
MASS(m^e): 298(M*) 



Elemental analysis: C18H18O4 


Found (%) 

Calcxl.(%) 


C:72.51. 

C:72.47. 


H:6.18. 

H:6.08. 


NrO.IS 

NrO.OO 



Example 146 

7-Methoxy'4-[3-(methQxycartx>nyl)phenyq-spiro[2,3-dihydrobenzofuran-2,1*K^ (Compound 146) 

A solution (30 m!) of Compound 144a obtained in Step A of Example 144 in DMF was added to a mixture of metliyl 
4-bromobenzoate (1.67 g). palladium acetate (0.18 g). sodium carisonate (2.10 g). and dimethytformamide (DMF) (70 
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mQ, fbllowed by stirring at SC'C for one hour. A small anrx>um of water was added to the reaction solution and the mix- 
ture was extracted with ethyl acetata The organic layer was washed with 1N hydrochloric add and a saturated saline 
and dried o\/er anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue 
was purified by silica gel column chromatography (ethyl acetate/hexane « 1/20} to give Compound 146 (1 .69 g. 69.S%) 
5 as pale-yellow crystals. 

Melting point: 89-91 •C 

NMR(DMSO-d6. 6, ppm): 1.42(s. 6H), 3.12{s, 2H), 3.80 (s. 3H). 3.88{s. 3H), 6.90(d. J=8.4Hz. 1H). 6.95 (d, 
J=8.4H2. 1H), 7.58{dd. J=7.4Hz, 1H), 7.76{dd. J=7j9, 1.5Hz. 1H). 7.91 (d. J=7.4Hz. 1H). 7.99(d, J=1.5Hz, 1H) 
10 IR(KBr. cm-^): 1716 
MASS(m/e): 312(f^) 

Example 147 

IS 4-(3-CartxKyphenyl)-7-methoxy-spiro[2,3<lihydrobenzofuran-2J'-cyclopentane] (Comp^ 147) 

A mixture of Compound 1 46 (1 .3 g) obtained in Example 1 46, a 4N aqueous solution (1 0.4 nrd) of sodium hydroxide, 
and ethanol (50 ml) was stirred at room temperature for 3 hours. The solvent was removed and the residue was dis- 
solved In water. Concentrated hydrochloric acid was dropwise added to the solution, and the generated precipitateiwas 
20 collected by f iltration, washed with water, and dried to give Compound 147 (1.15 g. 92.7%) as wt^e crystals^ 

Meltinig point: 220-225 ""C 

NMR(DMS0-d6. 6. ppm): 1.42{s, 6H). 3.12(s. 2H). 3.79 (s, 3H). 6.90(d, J=8.4Hz. 1H), 6.95(d. J=8.4Hz. 1H). 
7.55{dd. J=7.4Hz. 1H). 7.72(dd. J=6.4. 1.5Hz. 1H), 789(dd. J=6.4, 1.5Hz. 1H). 7.97(d. J«1.5Hz. 1H). 13.17(brs. 
ss 1H) 

IR(KBr, cm"^): 1683 
MASS(ni^e): 298{hA*) 



Elemental analysis: C^ 8^1304 


Found (%) 
Calcd.(%) 


C:72.21. 
C:72.47. 


H:6.02. 
H:6.08. 


N:0.05 
NX).00 



35 



Reference Example 1 

40 '7-Methoxy-2.2<limethyl-2,3-dihydrobenzofuran-4-carbaldehyde 

(Step A) 2-(2-iyiethyl-2-propen-1-ylQX]A-4-bromoanisole (Compound lla-a) 

A mixture of 54womo-2-methoxyphenol (17.8 g). 3-chloro-2-methyl-1-propene (13.0 ml), potassium cartx>nate 
45 (ia2 g), and DMF (150 mQ was stinted at 80**C for 2 hours. The mixture was diluted with toluene, washed with a satu- 
lated saline arxl dried ever anhydrous magnesium sulfate, and the solvent was distilled off to give Compound lla-a (22.2 
g, 98.4%) as a coloriess oily substance. 

NMR(DMS0-d6. 6, ppm): 1.76(s, 3H). 3.76(S. 3H). 4.48 (s, i2H). 4.96(s. 1H), 5.05(s. 1H). 6.92(d, J=8.41Hz. 1H). 
so 7.04-7.1 1 (m. 2H) 

(Step B) 3-Bromo-6-methaxy-2-(2-methyl-2-propen-1-yl)phenol (Compound lla-jt>) 

Compound Ila4 (22.2 g) obtained in Step A was dissolved in 1-methylpyrroiidinone (50 mQ fbllcwed by stirring at 
55 180''C for 5 hours. The mixture was extracted with ethyl acetate, washed with a saturated saline and dried over anhy- 
drous magnesium sulfate, and the solvent was distilled off. The residue was purified by silica gel column chromatogra- 
phy (chloroform) to give Compound lla-b (19.6 g, 88.5%) as a coloriess oily siiDstance. 

NMR(DrwlSO-d6. S. ppm): 1.74(s. 3H). 3.37{s. 2H). 3.79 (s, 3H). 4.31(s. 1H), 4.68(s. 1H). 6.81(d. J=8.58Hz. 1H), 
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7.00(d. J=:8.91Hz. 1H) 

(Step C) 4-Bromo-7-iTOttK)xy-2,2Kiimethyl-2.3Hdihydi^enzofuran (Conrpound lla<) 

Compound lla-b (19.6 g) obtained in Step B was dissoh/ed in 88% formiG acid (80 nil) followed by stin^ing at room 
temperature for 24 hours. The mixture was neutralized with an aqueous solution of sodium ttcarbonate and extracted 
with toluene. The organic layer was washed with a saturated saline and dried over anhydrous magnesium sulfate, and 
the solvent was cfistilled off. The residue was purified by silica gei column chromatography (chloroform) to give Com- 
. pound lla-c (16.3 g, 83.3%) as an oDy substance. . 

NMR(DMSO-d6. 5. ppm): 1.43(s. 6H). 2.99(S. 2H), 3.74 (s. 3H). 6.79(d, J=a58Hz, 1H), 6.93(d, J=8.57Hz. IH) 
MASS(m/z): 258. 256(M^) 

(Step D) (Compound lla) 

Under an argon atmosphere, a solution (300 ml) of Compound lla-c (20.0 g) otrtained in St^ C in THF was cooled 
to -78*'C, and then a 1 .69M solution (50.6 ml) of butyl lithium in hexane was dropwise added thereta The reaction solu- 
tion was gradually warmed arid stirred at -20*C for one hour, and then DMF (200 ml) was dropwise added hereto, fol- 
lowed by stirring at room temperature for 2 hours. A Small amount of water was added to the reaction solution and the 
mixture was extractied witii ether. The orgariic layer was washed with a saturated saline and dried over anhydrous mag- 
nesium sulfate, and the solvent was distilled off under reduced pressure. The residue was purified by silica gel column 
chromatography (chloroform/hexane = 9/1) to give Compound lla (7.1 1 g, 44.3%) as coforless crystals. 

NMR{DMSO-d6, &. PPm): 1.41(s. 6H). a28{s, 2H), 3.84 (s. 3H). 7.04(d. J=8.25Hz, IH). 7.39(d. J=8.24Hz. IH). 
9.85(s. IH) 
MASS(nVz): 206. 191 

Reference Example 2 

2.2-Diethyl-7HTiethaxy-2.3<lihydrdb^rizofurar>4-cart)aldeh^ 

(Step A) 4-Bromo-2-(3-GKopentan-2-ylaxy)anisole (Compound llb-a) 

A mixture of 5-bromo-2-methoxyphenol (50.0 g) , 2-bromo-3-pentanone (68.1 g), potassium cartxjnate (52.8 g). and 
DMF (500 mO was stirred at 70*^0 for 2 hours. After being allowed to stand for cooling, water was added to the mixture 
followed by extraction with ether. The organic layer was washed with a saturated saline and dried over anhydrous mag- 
nesium sulfate, and the solvent was distilled off. The residue was purified by silica gel column chromatography (hex- 
anerchiorofomi » 1 :1) to give Compound llb-a (86.8 g. 04.0%) as a pale-yellow oily substanca 

NMR(DMSOkJ6, 6. ppm): 0.930. J»7.4Hz, 3H), 1.39(d, J=6.9Hz. 3H). 2.47-2.75(m, 2H); 3.77(s, 3H), 4.92(q. 
J=6.9Hz, IH). 6.96(d. J=8.9Hz, IH), 7:00 (d. J=2.7Hz. 1 H), 7.10(dd, J=8.9, 2.5Hz. 1 H) 
MASS(m/e): 287(M*). 285 

(Step B) 4-Bromo-2-(3-methylenepentan-2-yloxy)anisole (Compound llb-b) 

Methyttriphenylphosphonium bromide (308.1 g) was suspended in THF (1 ^. and potassium t-butoxide (92.4 g) 
was added thereto under ice-cooling, followed by stirring for one hour under ice-cololing. A solution of Compound llb-a 
(86.0 g) obtained in Step A in THF (500 ml) was dropwise added to tiie suspension under ice-cooling, followed by stir- 
ring for 2 hours. Water was added to the mixture and tine resultant was extracted with etiiyl acetate. The organic layer 
was washed with a saturated saline and and dried over anhydrous magnesium sulfate. The residue was purified by sil- 
ica gel column chromatography (hexane:cNorofonn = 1 :1) to give Compound llb-b (74.8 g, 87.9%) as a pale-yellow oily 
substance. 

NMR(DMS<>d6. 5. ppm): 1.00(t J=7.4Hz. 3H). 1.37(d. J=6.4Hz. 3H). 2.04(m, 2H). 3.32(s. 3H), 4.84-4.91 (m, IH), 
4.86(s, IH). 5.05(s. IH), 6.90(d. J=7,4Hz. 1 H), 7.02-7.05(m, 2H) 
MASS(m/e): 286. 284(M*) 
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(Step Q 3-Bromo-2-{2-ethyl-2-bulen-1 -yl)-e-methaxyphenol (Compound llb-c) 

Compound llb-b (62.0 g) obtained in Step B was dissolved in l-methylpyn-didinone (68 mO followed by stirring at 
170°C for 2 hours. After being allowed to stand for cooling, a saturated saline was added to the mixture followed by 
extraction with ethyl acetate. TTie organic layer was dried ever anhydrous magnesium sulfate and the solvent was dis* 
tilled off to give Compound llb-c (73.9 g) as a crude pale-yellow oily substance. 

NMR(DMSO-d6. ppm): a99{t J=7.4Hz. 3H). 1.48(d, J=6.9Hz. 3H). 2.04(q. J=74Hz, 2H). 3.37(s, 2H), 4.71 (q, 
J=6.9Hz» 1H), 6.79(d, J=8.9Hz, 1H). 6.98 (d. J=8.91Hz, 1H), 8.86(brs, 1H) 
MASS(nVe): 286. 284(M*) 

(Step D) 4-Bromo-2.2-diethyl-7-methaxy-2.3-dihydrobenzofuran (Compound llb-d) 

Compound I Ib-c (73.9 g) obtained in Step C was dissolved in methanol (740 ml), and sulfuric add (74 ml) was drop- 
wise added thereto under ice-cooling, followed by heating under reflux for 3 hours. After being allowed to starxi for cooN 
ing. the mixture was concentrated and water was added thereto, followed by extraction with ethyl acetate. The organic 
layer was washed with a saturated saline and dried ever anhydrous magnesium suHate, and the solvent was distilled 
off. The residue was purified by silica gel column chromatography (hexane:ethyl acetate = 8:1) to give Compound llb-d 
(70.9 g. 83.0% from Compound llt>b) as a pale-yellow oily substance. 

N!VIR(DMSO-d6. 5. ppm): 0.86(1, J=7.4Hz, 6H). 1.69(q. J=7.4Hz, 4H), 2.95(s. 2H), 3.73(s, 3H), 6.77(d, J=8.9H2, 
1H),6.90(d, J=8.4Hz. 1H) 

(Step E) 2.2-Diethyl-7-methoxy-2,3-dihydrobenzofuran-4-cait)aldehyde (Compound lib) 

Under an argon atmosphere, a solution (600 ml) of Compound llb-d (61 .6 g) obtained in Step D in THF was cooled 
to -78*»C, and then a 1 .69M solution (1 97 ml) of n-butyl lithium in hexane was dropwise added, followed by stimng at the 
same temperature for 2 hours. DMF (37 ml) was added to the reactfon solution and the mbcture was stirred at room tem- 
perature for 2 hours. A small anrount of water was added to the reaction solution and the mixturct was extracted with 
ethyl acetate. The organic layer was washed with a saturated saline and dried over anhydrous magnesium sulfate, and 
the solvent was distilled off. The residue was purified by sifica gel column chromatography (ethyl acetate/hexane = 1/5) 
to give Compound Mb (43.6 g, 86.0%) as coloriess crystals. 

NMR(Df^SO-d6. 6. ppm): 0.85(t, J=7.4H2, 6H). 1.70(q. J«7.4Hz, 4H), 3.26(s. 2H)* 3.87(s, 3H), 7.03(d, J=8.4Hz, 
1h), 7.38(d. J=8.4Hz. 1H). 9.88(s. 1H) 
MASS(nVe): 234(M^). 205 

Reference Example 3 

7-M6thoxy-spiro[2.3Kiihydrobenzofurar^2,1'-cydopentane]-4^ (Compound He)- 

(Step A) 4-Bromo-2-(2-OKOcyclcperTtyloKy)anisole (Compound llc-a) 

A nrwcture of 5-bromo-2-methQxyphenol (120.0 g). 2-chloro-1-cycloperrtanone (100.0 g). potassium cait)onate 
(163.3 g), arxi DMF (1 .2 1) was stirred at lO^C for 3 hours. After being allowed to stand for cooling, water was added to 
the mixture followed by extraction with ettiyl acetate. The organic layer was washed with a saturated saline and dried 
over anhydrous magnesium sulfate, and the solvent was distilled off. The residue was purified by silica gel column chro- 
matography (hexane:ethyl acetate » 9:1) to give Compound llc-a (141.43 g. 83.9%) as a pale-yellow oily substance. 

NMR(DMSO-d6. PP^)' 1.78-1.99(m. 3H). 2.21-2.40(m. 3H). 3.74(s. 3H), 4.95(t, J=7.9H2. 1H), 6.92(d. J=9.4H2. 
1 H), 7.09(dd. J=2.0H2, 9.4Hz, 1H), 7.22 (d, J=2.0H2. 1H) 
MASS(nVz): 286. 284(M^) 

(Step B) 4-Bromo-2-(2-methylehecyclopentyfoxy)anisole (Compound llc-b) 

Methyltrphenylphosphonium bromide (510.3 g) was suspended in THF (2.5 ^, and potassium t-txitoxide (153.1 g) 
was added thereto under ice-cooling, followed by stimng for 3 hours under ice-cooling. A solution of Compound lld-a 
(141 .43 g) obtained in Step A in THF (1 .0 £) was dropwise added to the suspension under ice-cooling, followed by stir- 
ring for one hour. V\^ter was added to the mixture followed by extraction with ether. The organic layer was washed with 
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a saturated saline and and dried over anhydrous magnesium suHate. the residue was purified by sSica gel column chror 
matography (hexanerchloroform = 1 :1) to give ComiDound llc-b (108.4 g, 70.7%) as a pale-yellow oily substance. 

NMR(DMSO-d6 6, ppm): 1.66-1 .98(m. 4H). 2.21-2.42{m. 2H), 3.74(s. 3H), 5.01-5.05{m. 3H). 6.92{d. J=8.6H2. 1H). 
7.08(dd. J=1 .OHz. 8.6Hz. 1 H). 7.22 (d, J=1 .OHz. 1 H) 
MASS(m/e): 284. 282(M+) 

(Step C) 3-Bromo-2-[(2-cyclopenten-1-yl)methyf|-6-methoxyphenol (Compound llc-c) 

expound llc-b (108.4 g) obtained in Step B was dissolved in 1-methylpyrrolidinone (1 10 mO followed by stirring 
at 170^*0 for 3 hours. After being allowed to stand for cooling, a saturated safine was added to the rrtixture followed bjf 
extraction with ethyl acetate. The organic layer was dried over anhydrous magnesium sulfcite and the solverit was dis- 
tilled off to give Conrpound llc-c (1 29.7 g) as a crude pale-yellow oily substance. 

NMR(DMSO-d6. 6, ppm): 1.78(m. 2H). 2.19-2 .25(m. 4H). 3.43(s. 2H). 3.78(s. 3H). 5.06(t J=2.0Hz, 1H). 6.79(d. 
J=8.9. 1H). 6.99(d. J=8.9Hz. 1H). 8.92(s. 1H) 
MASS(rn/e): 285, 2830VI*) 

(Step D) 4-Bromo-7-methoxy-spiro[2,3*dihydrobenzofuran-2,1*-cyclopentane] (Compound llc-d) 

Coirpound llc-c (129.7 g) obtained In Stqa C was dissolved in methanol (1.3 /). and sulfuric acid (130 ml) was 
dropwise added thereto under ice-cooling» followed by heating under reflux for 3 hours. After being allowed to stand for 
cooling, water was added followed by extraction with ethyl acetate. The organic layer was successively washed with a 
saturated aqueous solution of sodium bicartx>nate and a saturated saline arKi dried over anhydrous magnesium sulfate, 
and the solvent was distilled off. The residue was purified by silica gel column chromatography (hexanerethyl acetate « 
9:1) to give Compound llc-d (102.7 g, 94.7% yield from Compound IW-b) as pale-yellow crystals. 

Melting point: 46-47 "C 

NMR(DIWISO-d6, 6. ppm): 1.71-i:80(m. 6H). 1.96-2.01(m, 2H), 3.16(s, 2H), 3.74(s, 3H). 6.78(d. J«8.4Hz, 1H), 
6.92(d. J=8.4H2. 1H) 
MASS(nVe): 285, 283(M*) 

(Step E) (Conpound lie) , 

Under an argon atmosphere, a solution (700 ml) of Conpound llc-d (102.7 g) obtained in Step D in THF was cooled 
to -78*C, and then a 1 .56M solution (360 mO of n-butyl lithium in hexane was dropwise added thereto^ followed by stir- 
ring at the same temperature for one hour. DMF (62 ml) was added to tiie reaction solution and the mixture was stirred 
at tiie same temperature for 2 hours. A small amount of water was added to the reaction solution and the mixture was 
extracted with ethyl acetate. The organic layer was washed witii a saturated saline and dried over anhydrous magne- 
sium sulfete. and the solvent was distilled off. The residue was purified by silica gel column chromatography (chloro- 
form) to gwe Conr^xjund lie (77.4 g. 91.9%) as cotorless crystals. 

Melting point: 50-52 •C 

NMR(DMSO-d6, 6. ppm): 1.75-1.86(m. 6H). 1.92-2.02(m. 2H). 3.46(s, 2H). 3.86(S, 3H). 7.04(d, J=r8.4Hz, 1H), 
7.40(d. J=8.4Hz. 1H). 9.88(s, 1H) 
MASS(m/e): 232(M*) 

Reference Example 4 

7-Melhoxy-splro[2,3Klihydrobenzofur£m-2.r-cydohexane]-4-carba 

(Step A) 4-Bromo-2i-(2-Qxocydohexyloxy)anisole (ConrpoiOTd 1^ 

A mixture of 5-bromo-2-methoxyphenol (120.0 g), 2-chloro-1-cyclohexanone (108.0 g), potassium cartx>nate 
(163.3 g). and DMF (1 .2 /) was stin-ed at 70**C for 3 hours. After being allowed to stand for cooling, water was added to 
the mixture followed by extraction with ethyl acetate. The organic layer was washed with a saturated saline and dried 
over anhydrous magnesium sulfate, and the solvent was distilled off. The residue was purified by silica gel column chro- 
matography (hexane:eUiyl acetate ^ 9:1) to ^e Conpound lld-a (138.5 g, 78.3%) as pale-yeUow crystals. 
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Melting point: 71-73 

NMR(DMSOd6. PPm): 1 -54.2.02(m. 5H). 2.28-2.33(m, 2H). 2.50-2.73(m. 1H). 3.75(s. 3H). 5.03{m 1H) 6 91(d 
J=8.4H2.1H).6.98(d.J=:2.5Hz.1H). 7.04 (cJd,J=8.4, 2.0Hz. 1H) ' /• ■ v • 

MASS(m/e): 300. 298{M+), 204. 202 

(Step B) 4-Bromo-2-(2-methylenecyclohexylQxy)anisole (Compound IkJ-b) 

Methyltriphenylphosphonlum bromide (476.0 g) was suspended In THF (1 .3 /), and potassium t-butoxide (143.0 g) 
was added thereto under ice-cooling, followed by stimng for 3 hours under Ice-cooling. A solution of Conpound l!d-a 
(1 38.5 g) obtained In Step A In THF (1 .0 i) was dropwise added to the suspension under ice-cooling, followed by stirring 
at room temperature for one hour. Water was added to the mixture followed by extraction with ether. The organic layer ^ 
was washed with a saturated saline and dried over anhydrous magnesium sulfate. The residue was purified by silica gel 
column chromatography (hexaneichloroform = 1 :1) to give Compound IW-b (133.7 g, 97.3%) as a pale-yellow oily sub- 
stance. 

NMR(DMSO-dB. 5. PPm): 1.44-1.89(m, 6H), 2.06-2.11{m. 1H). 2.26-2.30(m, 1H). 3.76(s, 3H), 4.76(t J«4.0H2. 1H) 
4.79(s. 2H). 6.90(d. J=8.4Hz. 1 H). 7.05(dd. J=2.5. 8.4Hz, 1 H). 7.08(d. J=2.5H2. 1 H) 
MASS(nVe): 298. 296(M*). 204, 202 

(Step C) 3-Bromo-2-[(2-cyclohexen-1-yl)methyl]-6-melhQxyphenol (Compound lld-c) 

Compound lld-b (133.7 g) obtained in Step B was dissolved in 1 -methylpyrrolidinone (160 ml) followed by stirring 
at 170*C for 2 hours. After t>eing allowed to stand for cooling, a saturated saline was added to the mixture followed by 
extraction virith ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate and the solvent was dis- 
tilled off to give Ck>mpound ild-c (169.5 g) as a crude pate-yellow oily substance. 

NMR(DMSO<l6. 6-ppm): 1.44.1.59(m. 4H), 1.87-1.99{m. 4H), 3.31(s, 2H), 3.79(s. 3H), 5.05(t J=i:5Hz 1H) 
6.78(d.J=8.9Hz.1H).6.98(d.J=8.9Hz.1H),8.85(s.1H) . /. 

MASS{nVe): 298. 296(M*). 217, 215 

(Step D) 4-Bromo-7-methoxy-spiro[2.3-dlhydrobenzofuran-2,1'-cydohexane] (Conpound IkJ-d) 

Compound lld-c (169.5 g) obtained in Step C was dissolved in methanol (1.4 /), and sulfuric acid (170 mQ was 
dropwise added thereto under ice-cooling, followed by heating under reflux for 2 hours. After being allowed to stand for 
cooling, the mixture was concentrated, and water was added thereto, followed by extraction with ethyl acetate. The 
organic layer was successively washed with a saturated aqueous solution of sodium bicarbonate and a saturated saline 
and dried over anhydrous magnesium sulfate, and the solvent was distilled off. The residue was purified by silica gel 
column chromatography (hexaneielhyl acetate « 9:1) to give Compound IW^ (127.8 g. 95.6% from Conpound IW-b) 
as orar^e-yellow crystals. 

NMR(DMS<>d6. 5. Ppm): 1.43-1.50(m. 4H), 1.65-1.77(m, 6H). 2.94(s, 2H), 3.74(s. 3H), 6.78(d. J=8.4Hz. 1H). 
6.92(d,J=8.4Hz, 1H) / . /. 

MASS(nVe): 298, 296(M*). 21 7. 215 

(Step E) (Compound lid) 

Under an argon atmosphere, a solution (1 ,0 1) of Compound lld-d (1 00.0 g) obtained in Step D In THF was cooled 
to -78*C. and a 1 .70M solution (307 ml) of n-butyl litNum in hexane was dropwise added thereto, followed ly stirring at 
the same temperature for one hour, DMF (60 mO was added to the reaclfon solution and the nocture was stinted at the 
same temperature for 2 hours. A small amount of water was added to the reaction solution followed by extraction with 
ethyl acetate. The organic layer was washed with a saturated saline and dried over anhydrous magnesium sulfate, and 
the solvent was distilled off. The residue was purified by silica gel column chromatography (hexane^ethyl acetate « 6/1) 
to give Compound lid (78.9 g. 95.1%) as coloriess crystals. 

NMR(DMSO-d6. 6. PPm): 1.30-1.61(m. 4H). 1.66-1.76(m. 6H). 3.25(s. 2H). 3.87(s. 3H). 7.04{d. J=8 4Hz 1H) 
7.39(d. J=8.4Hz. 1H).9.87(s. 1H) * 
MASS(m/e): 246(M*) 
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Refe^^ence Exarrple 5 . 

(±)-7-Methoxy-3HTYethyl-2,3-dihydrobenzofuran-4-carba^ (Compound lie) 

(Step A) 3-ARyloxy-2-bromo-4'methoxyben2aldehycle (Compound lle-a) 

2-Bromo-3-hydroxy-4-methoxybenzaldehyde (1 .68 g) was dissolved in DMF (1 7 ml), and sodium hydride (0.209 g) 
was added thereto under Ice-cooling, followed by stimng for 30 nrunutes. Allyl t>ronwie (0.944 ml) was added to the mix- . 
ture. followed by stimng at 60^C for one hour. Alter being allowed to stand for cooling, water was added to the mixture 
and the predpitated solid was collected by filtration. The obtained crude crystals were recrystallized from isopropanol 
to give Compound lle-a (1.30 g. 66%). 

Melting point: 75-78 °C 

NMR(CDCl3. 6. ppm): 3 96(s. 3H). 4.57(d. J«=8.3Hz, 2H). 5.19-5.50(m, 2H), 6.02-6.27(m. 1H)» 6.95(d, Js9.3Hz. 
1 H). 7.75(d. J=9.3H2. 1 H). 10.27(s. 1H) 

(Step B) (CompourxJ lie) 

A mixture of Compound lle-a (0.436 g) obtained in Step A, tributyltin hydride (0.519 ml), and azobisisobutyronitrile 
(AIBN) (26.4 mg) was heated under rellux for 5 hours. Further, tributyltin hydride (1.3 ml) and AIBN (52 mg) were added 
to the mixture followed by heating under reflux one night After being allowed to stand fbr cooling, ether and a 50% 
aqueous solution of KF were added to the mixture, followed by stinring at room temperature for 5 hours: The insoluble 
matters were filtered off and the filtrate was extracted with ether. The organic layer was dried over anhydrous magne- 
sium sulfate and concentrated. The residue was purified tyy silica gel cdunvi chromatography (toluene/ethyl acetate » 
20/1) to give Corrpound lie (0.184 g, 60%) as an oily substance. 

NMR(CDCl3, 6. ppm): 1.31(d. J=7.2Hz, 3H), 3.86-4.07(m, 1H). 3.97(s. 3H), 4.40(dd. J=8.8, 4.5Hz, 1H>, 4.60^ 
4.72(m, 1H). 6.89(d, J=9.0Hz, 1H). 7.36(d. J=9.0Hz, 1H). 9.91(s, 1H) 

Reference Example 6 

7-Metfroxy-2-(4-pyridyl)benzofuran-4-carbaldehyde! (Compound IH) 

(Step A) 7-MethQxy-2-(4i)yridyt)benzofuran (Compound llf-a) 

Ortho-vanillin (93.0 g) and 4-picolyi chloride hydrochloride (100 gj as starting materials were dissolved in DMF 
(1200 mQ, and potassium cartonate (337 g) and potassium iodide (30 g) were added thereto, followed by heating under 
reflux for 24 hours while stirring. The reaction solution was filtered using celite, the solvent was distilled off under 
reduced pressure, and the residue was extracted with ethyl acetate. The organic layer was washed with a saturated 
saline and dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The res- 
idue was purified by silica gel column chromatography (hexane:ethyl acetate =12) and further washed with diethyl 
etha* to give. Compound IK-a (26.7 g, 1 9.4%) as pale-yeOow needles. 

NMR(CDCl3. 5. ppm): 4.04(s. 3H). 6.84(dd, J=2Hz. 7Hz. 1 H), 7.1-7.2(m. 3H). 7.70(d. J=6Hz. 2H), 8.65(d. J=6HZi 
2H) 

MASS(m/e): 225(M*) 
(Step B) (Compound 110 

Under a nitrogen stream. Compound Itf-a (3.70 g) obtained in Step A was dissolved in dichloromethane (60 mQ fol- 
lowed by stimng at -lO'^C, and titanium tetrachloride (4.00 mQ dissolved in dichloromethane (10 ml) was dropwise 
added thereto over 5 minutes at the same tempierature. Then, dchloromethyl methyl ether (1.60 ml) was added to the 
mixture at the same tennperature. arid the mixture was warnned to room temperature followed by stirring fbr 20 minutes. 
The reaction solution was poured into ice-water containing potassium hydroxide (about 10 g) followed by stirring fbr 
some time, and the mixture was filtered using celite. The filtrate was extracted with ethyl acetate, the organic layer was 
washed wrtii a saturated saline and dried over anhydrous magnesium sulfate, and the solvent was distilled off under 
reduced pressure. The residue was purified by silica gel column chromatography (hexane:ethyl acetate » 1 :2) to give 
Compound llf (2.60 g, 62.9%) as a white solid. 
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Melting point: 178-179 

NMR(CDCl3. 6. ppm): 4.15(s. 3H), 6.96(d. J=8H2. 1H). 7.72(d. J=8Hz. 1H), 7.78(d. J=6H2, 2H). 8.01 (s. 1H) 8 72(d 
J=6Hz.2H), 10.06(s. 1H) 
MASS(m/e): 252(M*-1), 224 
IR(KBr, cm*^): 1670. 1606, 1573 

Reference Exannple 7 

7-Methoxy-2-(2i3yrtdyl)benzofuran-4-(»rba]dehyde (Compound llg) 
(Step A) 7-Methoxy-2-(2-pyridyl)ben20furan (Compound Ilg-a) 

Substantially the same procedure as In Step A of Reference Example 6 was repeated using ortho-vanillin (10.0 g) 
and using 2-picolyI chloride hydrochloride (1 1.0 g) instead of 4-picolyl chloride f^rochloride to give Conpound Ilg-a 
(4.23 g, 26.5%) as colorless needles. 

NMR(CDCl3. ppm): 4.03(s. 3H). 6.84(dd. J=lHz, 8Hz. 1H), 7.18(dd, J=8Hz. 8Hz, 1H). 7.23(ddd. J«^1Hz 5Hz 
8Hz, 1H), 7.25(dd, J=1Hz. 8Hz. 1H), 7.45(s, 1H), 7.76(ddd. J=2H 2. 8Hz, 8Hz, 1H). 7.98(ddd, J=1H2. 1Hz! 8Hz. 
1 H). 8.65{ddd. J=1 Hz, 2Hz. 5Hz, 1 H) 
MASS(nrVe): 225(M+) 

(Step B) (Compound llg) 

Substantially the same procedure as in Step B of Reference Example 6 was repeated using Conpound ilg-a (5.00 
g) obtained in Step A to give Compound ilg (3.81 g, 67.8%) as a while solid. 

Merting point: 143-144 ^C 

NMR(CDCl3. 6. ppm): 4.1 1(s, 3H). 6.92(d. J=9Hz. 1H), 7.27(dd, J=6H2. 8H2, 1H). 7.72(d." J^Hz. 1H), 7.79(ddd. 
J=2Hz. 8Hz. BHz, 1H), 7.95(d. J=8Hz. 1H). 8.12(s, 1H). 8.72(dd, J-2H2. 6Hz, 1H), lO.OSfs, 1H) 
MASS(m/e): 253(M+), 252 
IR(KBr-cm-^): 1670, 1575, 1475, 1309 



Reference Example 8 

7-Methoxy-2-phenylben2ofuran-4-cart)aldehyde (Conpound llh) 

(Step A) 7-Methoxy-2-(4-nitrophenyl)ben20furan (Compound llh-a) 

Substantially the same procedure as in Step A of Reference Example 6 was repeated using ortho-vaninin (50.0 g) 
and using 4-nitrobenzyl chloride (59.0 g) Instead of 4-picalyl chloride hydrocNoride to give Compound llh-a (53.0 g, 
59.8%) as a yellow solid. 

NI«R(CpCf3, 5. ppm): 4.03(s, 3H), 6.89(dd, J=2Hz. 8Hz, 1H), 7.1-7.3(m. 3H), 8!oO(d. J«9H2, 2H), 8.29(d, J=9Hz. 
2H) 

MASS(m/e): 2e9(M*), 239, 223 

(Step B) 7-Metha)cy-2-phenylbenzofuran (Conrpound llh-b) 

Compound llh-a (26.0 g) obtained in Step A was dissolved In ethand (400 mQ/dlstnied water (40 ml), and reduced 
iron (26.0 g) and iron (III) chloride (1.56 g) were added thereto, followed by heating under reflux for 2 hours. The reac- 
tion solution was filtered using ceGte, the filtrate was concentrated under reduced pressure, and the residue was 
extracted with ethyl acetate. The organic i^er was dried over magnesium sulfate and the solvent was distilled off under 
reduced pressure The residue was dissolved in tetrahydrofuran (400 ml), and socfium nitrite (1 0 g) and phosphinic add 
(a 32-36% aqueous solution. 400 ml) were added thereto with stining at 0»C, followed by stining for 7 hours. The reac- 
tion solution was adjusted to alkaline by slowly adding a IN aqueous solution of potassium hydroxide, and then tiie 
organic layer was extracted with dichloromethane. The organic layer was dried over magnesium sulfate and the solvent 
was distilled off under reduced pressure. The residue was purified by silica gel column chromatography (hexane:ethyl 
acetate = 8:1) to give Corrpound llh-b (16.6 g, 77.1%) as a white solid. 
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NMR{CDCl3. 6, ppm): 4.06(s. 3H), 6.81(cld, J=2Hz, 7Hz. IH), 7.02(s. 1H). 7.15(dcl. J=7Hz. 7Hz, 1H). 7.17 (t, 
J=7H2, 1 H); 7.36{dd, J=2Hz. 7Hz, 1 H), 7.44 (dd, J=7Hz. 8Hr, 2H). 7.89(d^ 
MASS(m/e): 224(M*) 

(Step C) (Compound lih) 

Substantially the same procedure as in Step B of Reference Example 6 was repeated using Conpourxi llh-b (16.0 
g) obtained in Step B to give Ck)nrpound llh (6.86 g. 38.0%) as a white solkj. 

Melting point: 1 1 0-1 1 1 

NMR(CDCl3. 6. ppm): 4.12(s. 3H), 6.87(d, J«9Hz, 1H), 7.3-7.5(m, 3H). 7.62(d. J=9H2, 1H). 7.78(s, 1H), 7.91(d.- 
J«8H2. 2H), 10.05(s, 1H) 
MASS(m/e): 252(M+), 251 

IR{KBr, cm-^): 1683. 1621, 1581, 1396. 1265. 1174 
Reference. Example 9. 

2- Cyano-7-methoxybenzofuran-4-cart3aldehyde (Compound lli)' 

A mixture of 2-cyano^7-methaxybenzofuran (4.17 g), hexamethytenetetramlne (3.38 g). and trifluoroacetic acid (62' 
ml) was stirred at 60 to 70''C for one hour. The mixture was concentrated and the residue was purified by silica gel col- 
umn chromatography (toluene/ethyl acetate » 20/1 ) to give Conpound lli (1 .02 g. 21 %) as colorless crystals. 

Melting point: 170-178 X 

NMR(CDCl3. 6. ppm): 4.14(s. 3H). 7.10(d. J=8.1Hz. 1H). 7.82(d. J»=8.1Hz, 1H). 8.21(s. 1H). 10.05(s, 1H) 
Reference Example 10 

3- EthOKycaitx>nylmelhyl-7HrnethbxylMnzo{uran-4-cart>aldeh^ 

(Step A) 3-[(E)-3-Ethoxycarfcx)nyi-2-propen-1-oxy]-2-iodo-4-methQxyt>erizaldehyde (Compound ll]-a) 

Substantially the same procedure as in Step A of Reference Example 1 was repeated using 3-hydroxy-2-iodo-4- 
methoxybenzakJehyde (13 g) to give Compound llj-a (18 g^^ 100%) as a dark brown oily sut>stance. 

NMR(CDCl3. 6. ppm): 1 .32(t. J=7Hz. 3H). 3.95(s. 3H), 4.24(q. J=7Hz. 2H). 4.68(dd. J=2. 4Hz. 2H). 6.35 (dt. J=2. 
16Hz. 1H), 7.00(d. 9Hz. 1H). 7.13(dt. J=4, 16Hz. 1H). 7.75(d. J=9Hz. 1H). 10.0(s. 1H) 
MASS(nrVe): 390(M+) 

(Step B) (Compound 10) 

A mixture of Compxxjnd llj-a (18 g) obtained in Step A. TMF-acetonitrile (1 :1) (18 mQ. triethylamine (7.8 ml), and 
palladium acetate (0.73 g) was heated under reflux for 3 hours. The catalyst was removed and the fatrate was concen- 
trated. Ethyl acetate was added to the residue, and the mixture w^s washed with dilute hydrochloric add and a satu- 
rated saline and dried over sodium sulfate. The solvent was distilled off and the residue was purified t>y silica gel column 
chromatography (hexane:ethyl acetate = 2:1) to give Compound llj (1 1 g. 87%) as pale-yellow crystals. 

Melting point: 45-50 ^C 

NMR(CDCl3. 6. ppm): 1.27(t. J=7Hz. 3H). 4.05(s. 2H), 4.09(s. 3H). 4.18(q, J»7Hz. 2H). 6.91(d. 9Hz, 1H), 7.70(d. 
J=9Hz.1H).9.93(s, 1H) 

Reference Example 11 

Methyl 2.2<fiethyl-7-methoxy-2.3-dihydroberizofuran-4^art>0Kylate (Compound 111^ 

(Step A) Methyl 4-methaxy-3-(1 -methyt-2-oxobutan-1 -yloxy) benzoate (Compound llk-a) 

A mixture of methyl 3-hydroxy-4-methQxy benzoate (19.3 g), 2-br6mo-3-perrtanone (19.2 mO. potassium cartxjnate 
(29.3 g). and DMF (193 ml) was stirred at 90*'C for 2 hours. After being allowed to starxj for cooling, water was added 
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to the mixture fonowed by extraction'with toluene. The organic layer was washed with a saturated saline and dried over 
sodium sulfate, and the solvent was cfistilled off. The residue was purified by column chromatography (silica gel, hex- 
ane:ethyl acetate = 3:1) to give Compound llk-a (25.8 g. 91 .5%) as a colorless oily substance. 

5 NMR(CDCl3. 6. ppm): 1.08(t J=5.8H2. 3H). 1.52(d. J=7.0H2, 3H). 2.47-2.90(m, 2H), 3.88{s. 3H), 3.93(s. 3H), 

4.71(a J=7.0Hz. 1H), 6.92(d. J=8.6Hz. 1H). 7.47(d. J^I.OHz. 1H). 7.74(dd. J-1.0, 8.6Hz, 1H) 
MASS(m/e): 266{M*) 

(Step B) Methyl 4-methoxy-3-(1-methyI-2-methyIenebutan-1-ylQxy)ben2oate (Compound llk-b) 

10 

Methyltriphenylphosphonium bromide (48.5 g) was suspended in ether (485 ml), and a 1.7N solution (78.8 ml) of 
n-kxrtyl lithium in hexane was dropwise added thereto under ice-cooling. The mixture was stirred at room temperature 
for 30 minutes and then cooled with ice again. Compound llb-a (25.8 g) obtained in Step A was dissolved in ether (120 
ml). The solution was dropwise added to the mixture, followed by stirring for 30 minutes under ice-cooling. Water was 
IS added to the mixture followed by extraction with ethyl acetate. The organic layer was washed with a saturated saline 
and dried over sodium sulfate, and the solvent was distilled off. The residue was purified by column chromatography 
(silica gel. hexanerethyl acetate = 10:1) to give Compound llk-b (20.5 g, 80%) as a colorless oily sut)stance. 

NMR(CDCl3. 5, ppm): 1.10(t J=7.6H2. 3H), 1.51(d. J=7.0H2. 3H). 2.02-2.20(m. 2H). 3.88(s. 3H). 3.91 (s. 3H). 
20 4.81(q. J=7.0Hz. 1H). 4.90(s. 1H). 5.10(s. 1H). 6.88(d. J=8.4H2, 1H), 7.53(d. J=1.1Hzi 1H). 7.65(dd. J=1.1. 8.4Hz, 
1H) 

MASS(nVe):264(M*) 

(Step C) Methyl 3-hydroxy-4Hnethaxy-2-(2-ethyl-2-buten-1 -yObenzoate (Compound llk-c) 

25 

Compound llk-b (20.3 g) obtained in Step B was dissolved in 1-methylpiperktone (22 ml) fbltowed by stirring at 
120°C oniB night and then at 1 80"C for 2 hours. After being allowed to stand for cooling, a saturated saline was added 
to the mixture followed by extraction with ethyl acetate. The organic layer was dried over sodium sulfate and the solvent 
was distilled off. The reskiue was purified by column chromatography (silica gel. hexane:ethyi acetate » 10:1) to give an 
30 oily Compound llk-c (1 7.0 g. 84%) as a mixture of isomers (5:1). 

NMR(CDCl3. 6. ppm): 0.89(t. J=7.6Hz. 0.2H). 1.06(t. J=7.6Hz. 0.8H). 1.52(d, J=7.7Hz. 0.8H). 1.75(d. J=7.7Hz. 
0.2H). 2.10 and 2.12(each q. J=7.6Hz, total 2H), 3.77 and 3,78(eaGh s. total 2H). 3.81 and 3.82(each s. total 3H), 
3.91 and 3.92 (each s. total 3H). 4.80(q. J=7.7Hz. 0.8Hz), 5.31 (q, J=7.7Hz. 0.2H). 5.79(s. 0.8H), 5.87(s. 0.2H), 6.74 
35 and 6.76(each d. J=8.4Hz, total 1 H). 7.40 (d. J=8.4Hz. 0.2H). 7.49{d. J=8.4Hz. 0.8H) 
MASS(nVe): 264(M^ 

(Step D) Methyl 2.2-diethyl-7-methoxy-2,3<iihydrobenzofuran-4-cariX!xylate (Compound 111^ 

40 Compound llk-c (16.8 g) obtained in Step C was dissolved in methanol (170 mQ. and sulfuric ackf {20 mi) was drop- 
wise added thereto under foe-cooling, followed by heating under reflux one night. After being alfowed to stand for cool- 
ing, the mixture was concentrated arxf poured into a 1 N aqueous solution of sodium hydroxide urxier ice-cooling. The 
mixture was extracted with ethyl acetate, and the organic layer was washed with a saturated saline and dried over 
sodium sulfate. The solvent was distilled off, and the reskiue was purified by column chromatography (silica gel, hex- 

45 ane:ethyl acetate = 10:1 and 3:1) to give Compound Ilk (12.0 g, 73%) as a pale-yeOow oily substanca 

NMR(CDCl3. 5. ppm): 0.95(t J=8.0Hz. 6H), 1.80(q. J=8.0Hz. 4H), 3.34(s, 2H). 3.88(s. 3H), 3.92(s, 3H). 6.77(d. 
J=8.4Hz, 1H), 7.52(d. J=8.4Hz. 1H) 
MASS(nVe): 264(M+) 

so 

Reference Example 12 

Methyl 7-methQxy-spiro[2,3<Jihydrobenzofuran-2.r<7ck)pentane]-4-carlxJxylate (Compound ill) 

55 (Step A) 4-Bromo-2-(2-Qxocyclopentyloxy)anisole (Compound lll-a) 

A mixture of 5-bromo-2-methoxyphenol (6.31 g). a-chlorocycfopentanone (6.9 ml), potassiunri cartx)nate (9.57 g), 
and DMF (63 ml) was stirred at 90*C for 2 hours. a-Chlorocydopentanone (14 mO was further added to the mixture, 
followed by stirring at 90''C for one hour. After being allowed to stand for cooling, water was added to the mbdure fbl- 
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lowed by extraction with ether. The oiganic layer was washed with a 1 N aqueous solution of sodium hydroxide and then 
with a saturated saline, and dried wer sodium sulfate. The solvent was distilled off, and the residue was purified by cx>l- 
umn chromatography (silica gel, hexanerethyl acetate 2 A) to give Compound lll-a (1 1 .8 g, 99%) as an oily substance. 

5 NMR(CDCl3, S. ppm): 1 .80-2.60(m, 6H). 3.89(s. 3H). 3.90{s. 3H), 4.65-4.77(m. 1 H), e:90(d, J^BAYiz, 1H), 7.62(d, 

J=2.0H2, 1H), 7.72(dd, J=8.4. 2.0Hz. 1H) 
MASS(m/2):264{M*) 

(Step B) 4-Bromo-2>(2-methylenecyclopentyloxy)anisole (Compound llt-b) 

TO 

Methyltriphenylphosphonium bromide (66.2 g) was suspended in THF (600 ml), and a 11^ solution (185 ml) of 
potassium t-butoxide in THF was dropwise added thereto under ice-cooling, followed by stirring for 30 minutes under 
ice-cooling. Compound Ill-a (35,0 g) obtained in Step A was dissolved in THF (150 ml). The solution was dropwise 
added to the mixture under ice-cooling followed by stirring for 15 minutes. Water was added to the mixture followed by 
IS extraction with ethyl acetate. The organic layer was washed with a saturated saline and dried over sodium sulfate. The 
residue was purified t>y column chromatography (silica gel. hexane:ethyl acetate - 10:1) to give Compound lll-b (24.5 
g, 71%) as an oily substance. 

NMR(CDCl3. 5. ppm): 1.60-2.65(m, 6H), 3.90(s, 3H), 3.91(s. 3H), 4.95-5.05(m, 1H), 5.09-5.20(m, 2H), 6.90(d, 
20 J=8.4Hz,1H).7.62(d.J=2.2Hz.1H). 7.70 (dd.J=8.4, 2.2Hz. 1H) 
MASS(m/e): 2e2(M*) 

(Step C) 3-Bromo-2-[(2-cyclppenten-1-yl)methyll-4-methaxyphenol (Compound lll-c) 

25 Compound lll-b (29.4 g) obtained in Step B was dissolved in 1-methylpiperidinone (32 ml) followed by stirring at 
140.'*C for 3 hours. After being allowed to stand for cooling, a saturated saline was added to ttie mixture followed by 
extraction with ethyl acetata The organic layer was dried over sodium sulfate and the solvent was distilled off. The res- 
idue was purified by oolunrvi chromatography (silica gel, hexane:ethyl acetate ^ 7:1) to give Compourid ill-c (2a4 g. 
90%) as an oily sul}stance 

30 

. NMR(CDCl3, 6, ppm): 1,76-1.93(m, 2H), 2.16-2.38{m. 4H). 3.82(s. 2H), 3-82(s, 3H). 3.94{s. 3H), 5.01-5.1 1(m, 1H), 
5.78(s, 1H). 6.75(d, J=8.5Hz. 1H), 7.50(d, J:=8.5Hz, 1H) 
MASS{m/e): 262(M+) 

35 (Step D) (Conpound 110 

Compound llt-c (0.274 g) obtained in Step C was dssolved in methanol (10 ml), and sulfuric acid (1 ml) was cfrop- 
wise added thereto under iceKX)Ofing, fdlwed by heating under reflux one night After being allowed to starxi for cooling, 
the mixture was concentrated arid poured into a 1 N aqueous solution of sodium hydroxide imder icercobling. The mix- 
40 ture was extracted with ethyl acetate, arxl the organic layer was washed with a saturated saline and dried oyer sodium 
sulfata 

The solvent was distilled off. and the residue was purified by column chromatography (silica.gel, hexane:ethyl ace- 
tate » 10:1) to give Compound in (0.223 g. 82%) as an oily suk^starKe. 

45 NMR(CDCl3, 5. ppm): 1.e&-2.25(m, 8H), 3.51(8. 2H). 3.89(s. 3H), 3.92(s. 3H). 6.78(d, J=iB.7Hz. IN). 7.53(d. 
Jr:8.7Hz, 1H) 

Reference Example 13 

so Methyl 7-methoKy-spiro|2,3-dihydroberizbfuran-2,r-cydohe)cane]-4-cart^^ (Compound llm) 

(Step A) Methyl 4-methGKy-3-(2-axocyclohexylQxy)benzoate (Compound llm^a) 

A mixture of methyl 3-hydroxy-4HTiethoxybenzoate (2.47 g). a-chlorocyclohexanone (2.33 ml), potassium cartx)n- 
55 ate (3.76 g), and DMF (25 ml) was stinred at 90*C for 2 hours. a-Chlorocyclohexanone (2.0 ml) was further added to the 
mixture, followed by stirring at BQ^C for one hour. After toeing allowed to stand for cooling, water was added to /the mix- 
ture followed k>y extraction with ether. The organic layer was washed with a IN aqueous solution of sodium hydroxide 
and tiien with a saturated saline, and dried oyer sodium sulfate. The solvent was distilled off. and the residue was puri- 
fied by column chromatography (silica gel, hexane:etiiyl acetate = 2:1) to give Compound llm-a (3.16 g, 83%) as an oily 
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substance. 



Melting point: 66-69 *C 

NMRCCDOa. 6. ppm): 1.65-1.90(m. 2H). 1.96-2.14(m. 3H). 2.32-2.72(m. 3H). 3.87(s, 3H). 3.92(s. 3H). 4.69- 
4.82{m. 1H). 6.90(d. J=8.0Hz. 1H). 7.43{d. J=1.5Hz. 1H). 7.70(dd. J^.O I.SHz. 1H) 

(Step B) Mettyl 3-{2-methytenecyclotiexyl(«y)-4-metliaxyl)enzoate (Compound llm-b) 

^illffSf."''''?*^''*"^''*^'" '""^^ ^^-^ 0) was suspended in ettier (400 ml), and a 1.7N solution (64.8 mn of 
n^xJtyl Rhtum in hexane was dropwise added thereto under ice^ooling. followed by stirring at room tenperature tor 10 
minulK and then coofing with ice again. Compound llm-a (15.7 g) obtained in Step A was dissolved in ether (1S ml) 
The solution was dropwise added to the mixture followed by stirring at room temperature for one hour. Water was added 
to ttie mwture under ice-cooling folfowed by extraction with ethyl acetate. The organic layer was washed with a satu- 
rated saline and dried over sodium suKate. The solvent was distilled off. and the residue was purified by column chro- 
matography (silica gel. hexane:ethyl acetate = 10:1) to give Compound llm* (9.15 g. 59%) as an oily substance. 

NMR(CDCl3, 6, ppm): 1.45-2.18(m. 7H). 2.37-2.52{m. 1H). 3.88(s. 3H). 3.91(s. 3H). 4.62-4.75(m 1H) 4 82{s IHl 
4.90(8. 1H). 6.90(d. J^Hz. 1H). 7.55(d, J=1.3Hr. 1H). 7.67(dd. 1.31*. 1H) ^ ^' 

MASS(nVe):276(M*) 

(Step Q Methyl 2-{(2-cyclohexen-1 -yOmethyl]-3-hydrQxy-4-methoxyben2oate (Conpound IIitk:) 

, ° o*^** Step B was dissolved in 1-methylplperidinone (10 ml) followed Iw stirring at 

1 40JC for 3 hours and then at 1 50-C for 2 houis. After being allowed to stand for coohng. a saturated saline was bmS 
ft ^ extraction with ethyl acetate, and the organic layer was dried over sodium sulfate. The solvent 
was disnned off. and the residue was purKied by column chromatography (silica gel, hexanerethyl acetate = 10:1) to give 
Compound llm-c (7.63 g, 85%) as an oily substance. 

NMR(CDCl3. 6. ppm): 1.44-1.70(n\ 4H), 1.85-2.07(m. 4H). 3.70(S. 2H), 3.82(s. 3H). 3.95(s. 3H). 5.07-5 18(m. 1H) 
5.79(8. 1H).R77(d.J=8.0Hz.1H).7.48(d.J=8.0Hz,1H) V .oni.o.u^ o.i*Hm. IM). 

MASS(nri/e):276(M^ 

(Step D) (Compound llm) 

Conpound "m-c (7.6 g) obtained in Step C was dissolved in methanol (100 ml), and sulfuric acid (10 mB was drop- 
wise added thereto under ice-cooBng, followed by heating under reflux one night After being allowed to stand for cool- 
ing, ttie mixture was concentrated, and the residue was poured Into a saturated aqueous solution of sodium 
bicarbonate unda iceKxwIing. The mixture was extracted with ethyl acetate, the organic layer was washed with a sat- 

*^ cfisSled off. The residue was purified by column chrorratography (silica gel. hex- 
ane.elhyl acetate s 10:1} to gnra Compound Ibn (3.42 g. 45%) as an oHy substance. 

MeWng point: 81-83 *C 

^J^2°^ 1-25-1-95(m. 10H), 3.32(8, 2H). 3.87(S. 3H). 3.92(s. 3H), 6.77(d, J=8.2Hz, 1H), 7.51(d, 

MASS(m/e): 276(M*) 
Reference Example 14 

Methyl (±)-<as-6-methQxy-1.2,3.4,4a.9b4Texahydiod^ (Compound lln) 

(Step A) 2-Bromo^cydohex-2-eivlK»xy)-4^rnelho^ 

u n ni^P^^''^!^'^^!^^^ !!? "^'"^^ *° ^ '"'^'^ °^ 2^orm^34vdroxy.4-methoxybenzaklehyde 
(4.0 g). THF (80 ml), a^clohexen-l-ol (1.2 ml), and trlphenylphosphine (4.5 g) under iceKXwIing. followed by stirring 
at room temperature for 2 hours. The mixture was poured into water followed by extraction with ether. The organic layer 
TOS washed with a 1 N aqueous solution of sodium hydroxide and with a saturated saline, and dried wer sodium sulfate 
The solvent was distilled off. and the residue was purified by column chromatography (hexane:ethyl acetate = 101 and 
5:1) to give Compound lln-a (1 .8 g. 47%) as a pale-yeUow oily sitetanca 
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NMR(CDCl3. 6. ppm): 1 .50-2.25(m. 6H), 3.94{s, 3H), 4.70-4.85(m, 1H). 5.20-6.02(m. 2H). 6.96(d. J=8H2, 1H), . 

7.72(c!, J=8H2, 1H). 10.3(s, 1H) 

MASS(nVe):311(M+) 

(Step B) (dl^K:is-6-Methoxy-1p2.3,4.4a.9b4iexahydr(xlibenzofu (Compound llrv-b) 

Substantially the same procedure as in St^ B of Reference Example 5 was repeated using Conrpoiind tln-a (1 .1 
g) obtained in Step A to ^e Compound lln-b (0.45 g. 56%) as colorless aystals. 

NMR(CDCl3, 6, ppm): 0.90-1.10(m. 1H). 1.15-1.42(m. 1H), 1.46-1.84(m. 4H). 2.p0-2.20(m. 1H). 2.35-2.55(m. IH), 
3.54-3.70(m. IH), 3.97(s. 3H), 4.60-4.71(m. IH), 6.88(d. J=8H2, IH). 7.35(d, J==8Hz. IH), 9.90(s, IH) 
MASS(m/e): 232(M^) 

(Step C) (Compound lln) 

Conrtpound lln-b (0.42 g) ot>talned in Step B was dissolved in a mixed solvent of dichloromethane (5 ml) and meth- 
anol (5 mQ followed by stirring at O^^C, and potassium hydroxide (1 .6 g) was added thereto The mixture was warmed to 
the room temperature and stirred for 8 hours, while iodine (0.93 g) dissolved in methanol (3 ml) was slowly and dropwise 
added thereta W^er was added to the reaction solution followed by extraction with dichloromethane. The organic layer 
was dried over magnesium sulfate and the solvent was distilled off under rec^jced pressure. The residue vifas purifiied . 
by silica gel column chromatograpihy (ethyl acetate/h-hexane » 1/5) to give Compound lln (0.41 g, 88%) as pale-yellow 
crystals. 

NMR(GDCl3. 6, ppm): 0.90-1. 10(m,1H), 1.15 t1.35(m. IH). 1.45-1.85(m, 4H), 2.05-2.22(m. IH). 2.35-2.45(m. IH). 
3.50-3.65{m. 1 H), 3.87(s. 3H), 3.94 (s. 3H). 4.58-4.66{m. 1 H). 6.77(d. J»9Hz. 1 H)* 7.56(d. J=9H2, 1 H) 
MASS(m/e): 262(M+) 

Reference Example 15 

Methyl 2^butyl-7*methQxybenzofijran-4-cart>axylate (Compound Ho) 

Compound Itad (1.3 g) obtained in Reference Example 30 was dissolved in methanol (16 ml), and concentrated . 
sulfuric add (5 ml) was dropwise added thereto under ice-coding, foflowed by heating under reflux for one hour. After 
being allowed to stand for cooling, the solvent was cfistilled off, and the residue was poured into a 1 N aqueous sdution 
of sodium hydroxide. The predpitate was collected by filtration and dried to give Compound llo (0.82 g. 56%) as a pale- 
yellow dly substance. 

NMR(CDCl3. 5, ppm): 0.954(t. J=8Hz. 3H), 1.30-1.56(m. 2H), 1.64-1.89(m. 2H). 2.82(1. J=8Hz. 2H). 3.94 (s, 3H), 
4.06(S. 3H), 6.76(d. J=9Hz. 1 H). 6.98(S, 1 H). 7.91 (d, J=9H z. 1 H) 
MASS(nVe): 262(M*) 

Reference Example 16 

Methyl 7-methaxy-2-(2-methylpropyl)benzofuran-4-cartx>xylate (CompourKi lip) 

(Step A) 7-Methoxy-2-(2-methyl-1 -propen-1 -yl)benzofuran (Corrpound Ilp-a) 

Substantially the same procedure as in Step B of Reference Example 2 was repeated using Compourid llad-a (6.2 
g) obtained in Step A of Reference Example 30, 2-propyltripheny!phosphonium iodide (20 g), and potassium tert-butox- 
. ide (5.1 g),to give CompouTKl l|p-a (5.7 g. 81%) as a pale-yeUow dly 

NMR(CDCi3, 5. ppm): 1 .96(s, 3H). 2.09(s. 3H). 4.01 (s. 3H). 6.20-6.23(brs. 1 H). 6.51 (s. 1 H), 6.75(dd. J«4. 6Hz. 1 H). 
7.05-7.1 5(m,2H) 

(Step B) 7-Methoxy-2-(2-methy!propyl)benzofuran (Compound llp-b) 

Sut^stantially the same procedure as in Step C of Reference Example 30 was repeated using Compound Ilp-a (0^4 
g) obteined in Step A to give Compouiid llp-b (0.8 g. 93%) as a pale-yellow oily substance. 
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NMR{CDCl3, 6. ppm): 0.980(d. J=7Hz. 6H), 2.05-2.22(m, 1H), 2.65(d. J=:7H2. 2H). 4.00(6, 3H), 6.37(s. 1H), 6.68- 
6.80(m, 1H), 7.05-7.15(m, 2H) 

(Step C) 7-Methoxy-2-(2-methylpropyOben20furan-4-cail3aldehyde (Compound llp^;) 

Substantially the same procedure as In Step D of Reference Example 30 was repeated using Compound llp-b 
(0.38 g) obtained in Step B to give Compound llp-c (0.29 g. 66%) as a pale-yeltow oily substance. 

NMR(CDCl3. 6. ppm): 0.999(d, J=8H2, 6H). 2.05-2.23(m. 1 H), 2.70(d. J=8Hz. 2H), 4.10(s, 3H). 6.84(d, J=8Hz. 1 H). 
7.17{s. iH). 7.63(d. J=8H2. 1H), 10.0(s, 1H) 

(Step D) (Compound lip) 

Substantially the same procedure as In Step C of Reference Example 1 4 was repeated using Compound llpK; (2.7 
g) obtained in Step C to give Compound lip (3.0 g. 100%) as pale-yellow crystals. 

NMR{CDCl3. 6. ppm): 1.00(d. J=7Hz. 6H). 2.05-2.25{m. 1H), 2.69(d, J=7H2. 2H). 3.94(s. 3H), 4.06(s. 3H), 6.76(d, 
J=8H2. 1H), 6.99(8, 1H), 7.91(d, J«8H2, 1H) 

Reference Example 17 

Methyl 7-metho)cy-2-(4-pyridyl)benzofuran-4-cartx>xylate (Compound llcO 

Compound llf (1 .80 g) obtained in Reference Example 6 was dissolved in a mixed solvent of dichloromethane (40 
ml) and methanol (80 ml) followed by stirring at 0*C, and potassium hydroxide (8.0 g) was added thereta The mixture 
was warmed to tiie room temperature and stirred for 12 hours, while iodine (13.5 g) dissolved in methanol (30 ml) was 
slowly and dropwise added thereta The reaction solution was extracted witti dichloromethane, the organic fayer was 
dried ever magnesium sulfate, and the solvent was distilled off under reduced pressura The residue was purffied t>y 
silica gel column chromatogrsphy (hexane:elhyl acetate « 1 :3) to give Compound llq (1.50 g. 74.5%) as a white soRd. 

NMR{CDCl3. 6. ppm): 4.00(S, 3H), 4.10(s. 3H), 6-87(d. J=9Hz. 1 H). 7.78(d. J=7Hz. 2H), 7.85(s. 1 H). 7.99(d. J=9Hz. 
1H),8.70(d.J=7Hz.2H) 

Reference Example Id 

Methyl 7Hfne«hQxy-2-(2-pyridyObenzofuran-4-carboxylate (Corrpound llr) 

Substantially the same procedure as in Reference Example 17 was repeated using Con^3ound llg (5.50 g) 
obtained in Reference Example 7 to give Compound llr (4.05 g, 65.9%) as a white solid. 

Melting point: 148-149 •C 

NMR(CDCl3, 5. ppm)^ 3.99(s. 3H). 4.1 0(s. 3H). 6.87(d. J=8Hz. 1H). 7.27(dd, J=6Hz. 8Hz, 1H). 7.78(ddd, J=2Hz. 
8Hz, 8Hz. 1 H). 7.95(s. 1 H). 7.97(d, J=8Hz. 1 H), 7.97(d, J=8Hz. 1 H), 8.71 (dd. J=2Hz, 6Hz, 1 H) 
MASS(nVe): 283(M^). 252 

IR(KBr, cm'^): 1712, 1585, 1274. 1265, 1193, 1147 
Reference Example 19 

Methyl 7-metha)cy-2-phenylbenzofuran-4-carl30xylat6 (Compound lis) 

Substantially the same procedure as in Reference Example 17 was repeated using Conpound Ith (3.00 g) 
obtained In Reference Example 8 to give Compound lis (2.72 g, 85.8%) as a white solid. 

Melting point: 117-118 «»C NMR{CDCl3, 6. ppm): 3.97(s, 3H). 4.09(s, 3H), 6.81(d, J=9Hz, 1H), 7.3-7.5(m, 3H), 

7.62(s, 1 H). 7.93(d. J=9H2. 1 H). 7.94(d, J=9H2.2H) 

MASS(m/e): 282(M+), 251 

IR{KBr. cm-^): 1701, 1620, 1292, 1220. 1095 
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Reference Exajmple 20 

Methyl 2-(2-ethylphenyO-7Hfnethaxybenzofuran-4-<»rboKytate (Compound lit) 

5. (Step A) 2'(2-Cyanophenyl)-7-methQxybenzofuran (Compound llt-a) 

Sut3stantial]y the same procedure as in Step A of Reference Example 1 7 was repeated using ortho-vaniHin (38.8 g) 
and using a-bromoorthotolunitrile (50.0 g) instead of 4-plcolyl chloride hydrochloride to give Compound tK-a (39.6 g, 
62.3%) as colorless needles. 

10 

NMR(CDCl3. 6, ppm): 4.05(s. 3H). 6.87(d. J=8H2. 1 H). 7.1 -7.3(m, 2H). 7.41 (dd. J=7H2. 7Hz. 1 H). 7.70 (dd. J=8Hz. 
8Hz, 1H), 7.74(s. 1H), 7.77(di J=8Hz, 1H). 8.17(d, J*7Hz. 1H) 

(Step B) 2-(2-F6rmylphenyO-7-niethoxyt>enzGfuran (Conpound llt-b) 

Compound llt-a (26.0 g) ob^ned in Step A was dissolved in dry dichloromethane (500 ml), and the solution was 
cooled to -78''C followed by st'uring. A 1.0M solution (156 ml) of dlisobutytaluminium hydride in toluene was dropwise 
added to the mixture followed by stirring for one hour while warming the solution to the room temperature. A saturated 
aqueous solution of ammonium cNoride was added to the reaction solution^ and ethyl acetate and a S% aqueous solu- 
20 tion of sulfuric add were added thereto, followed k>y stirring at room temperature for 30 minutes. The mixture was 
extracted with ethyl acetate, the organic layer was washed with a saturated saline and dried over anhydrous magnesium 
sutfatcf. and the solvent was distilled off under reduced pressure. The residue was washed with diethyl ether to give 
Corrpound IR-b (20.0 g. 76.0%) as a pale-yellow solid. 

25 NMR(CDCl3. 6. ppm): 4.03(s, 3H). 6.86(dd, J=2H2. 7Hz. 1 H). 6.95(s. 1 H). 7.2-7.3(m. 2H). 7.53(dd. J=«7.5Hz, 7.5Hz. 

1 H), 7.67(dd. J=2Hz, 6Hz. 1 H). 7:87(d, J=8Hz. 1 H). 8.04(d. J=7.5Hz. 1 H), 1 0.47 (s. 1 H) 

(Step C) 2-(2-EtheriylphenyO-7-rne#icxybenzofuran (Compound llt-c) 

30 Methyttriphenytphosphonium bromide (33.1 g) was dissolved in dry tetrahydrofuran (300 ml) followed by stirring at 
O^'C. and potassium tert-butoxide (10.0 g) was ac^ed thereto, followed by stirring at the same temperature for 30 min- 
utes. Compound llt-b (9.0 g) obtained in Step B was added to the reaction solution followed by stirring at room temper- 
ature for 10 minutes. Then, distilled water was added to the mixture followed by extraction with diethyl ether. The organic 
layer was washed with a saturated saline and dried over anhydrous magnesium sulfate, and the solvent was distilled off 

35 under reduced pressure. The residue was purified by silica gel column chromatography (hexaneiethyl acetate = 3:1) to 
give Compound llt-c (7.71 g. 86.3%) as a pale-yellow oily substance. 

NMR(CDCl3. 6. ppm): 4.04{s, 3H), 5.36(d, Js=11Hz, IH). 5.73(d, J=17Hz, 1H). 6.83(dd, J«1Hz, 8Hz. 1H), 6.86(s. 
1H). 7.1-7.25(m. 3H). 7.3-7.4(m, 2H), 7.58(m, IH), 7.85(m, 1H) 
40 MASS(m/e): 250 (M*). 207. 165 

(Step D) 2-(2-Ethylphenyl)-7-methoxyt5en20furan (Compound llt-d) 

Compound llt-c (7.7 g) ok)tained in Step C and palladium-carbon (1 .9 g) were added to cftethyl ether (200 ml) and 
45 the nraxture was subjected to hydrogenation while stimng at room temperature. After one hour, the reaction solution was 
filtered with celite; and the solvent was distilled off under reduced pressure frorn the filtrate to give Compound llt-d as 
a pale-yellow oily substance. 

NMR(CDCl3, 6, ppm): 1.30(t, J=7.5Hz, 3H). 2.93(q, J=7.5Hz, 2H). 4^03(s, 3H), 6.80(dd, J=1.5Hz. 7Hz, IH), 6.84{s, 
50 1H).7.1-7.4(m,5H). 7.75(d,J=7Hz, IH) 

MASS(m/e): 252 (M+). 237. 194 

(Step E) 2-(2-Ethyiphenyl)-7-methoxyben2ofuran-4-carbaldehyde (Compound llt-e) 

55 Substantially the same procedure as in Step B of Reference Example 6 was repeated using Conpound llt-d (7.50 
g) obtained in Step D to give Compound IH-e (5.17 g^ 62.1%) as a white solid. 

NMR(CDCl3, 6. ppm): 1^29{t J^rSHz. 3H), 2.96(q. J«7.5Hz, 2H), 4.13(s, 3H). 6.91(d. J^SHz, IH). 7.2-7.4(m, 3H). 
7.64{s. IH), 7.69(d, J=8Hz, 1H), 7.80(d. J=7H2, IH), 10.07(s. IH) 
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MASS(nVe): 280 (M*). 265. 247 



(Step F) (Compound IK) 

Sid>stantjally the same procedure as in Step C of Reference Example 14 was repeated using Conpound llt-d (5 00 
g) obtained in Step D to give Compound lit (4.43 g, 80.0%) as a white solid. 

NMR(CDCl3, 5. PPm): 1,29(t J=6.5Hz. 3H). 2.94(q. J=7.5Hz. 2H), 3.96(s, 3H). 4:08(S. 3H). 6.82(d, J=8 5Hz. 1H) 
7.2-7.4(m, 3H). 7.47(5. 1 H). 7.77 (d. J=7Hz, 1 H), 7.96(d. J:=8.5Hz, 1 H) 
MASS(m/e): 31 1 (M*), 279 

Reference Example 21 

Methyl 2-[2-(2-propyl)phenyq-7-methQxybenzofuran-4-cartxscylate (Compound llu) 

(Step A) 2-(2-Acetylphenyl)-7-methoxybenzofuran (Conpound llura) 

Compound llt-b (18.4 g) obtained, in Step B of Reference Example 20 was dissolved in dry tetrahydrofuran (500 ml), 
and the solution was coded to -78'»C followed by stirring. A 3.0M solution (36.4 ml) of methylmagnesium bromide in cfie^ 
thyl ether was dropwise added to the mixture and the reaction solution was slowly warmed to the room tenperature. 
Distilled water was added to the mixture to cease the reaction and the solution was extracted with ethyl acetata The 
organic layer was washed with a saturated saline and dried over anhydrous magnesium sulfate, and the solvent was 
distilled off under reduced pressure. The residue was purified by silica gel column chromatography (hexane:etf^ ace- 
tate = 3:1) to give 2-[2-(1-hydroxyethyOphenyl]-7-methoxybenzofuran (17.8 g, 91.0%) as a colorless solid. Then, the 
solid was dissolved in dry dichloromethane (400 ml), and pyridinium chlorochromate (PCC. 27.0 g) and molecular sieve 
(3A, 30.0 g) were added thereto, followed by slinking at room temperature tor one hour. Then, dichloromethane and 5% 
sulfuric add were added to the reacSon solution, the mixture was filtered wHh celite. and the filtrate was extracted with 
dichloromethane. The oirganic layer was washed with a saturated saline and dried over anhydrous magnesium suliate. 
and the solvent was distilled off under reduced pressure. The residue was purified by silica gel column chromatography 
(hexane:ethyl acetate = 3:1) to give Compound llu-a (16.6 g. 98.4%) as a pale-yellow oily substance. 

NMR(CDCl3. 6, ppm): 2.37(s. 3H), 4.01(s. 3H). 6.82(dd. J=2Hz, 6.5Hz, 1H). 6.89(s. 1H). 7.1.7.2(m, 2H), 7.4-7.6(m 
3H), 7.78(d,J=6Hz. 1H) ' ^ ' 

MASS(m/e): 266 (M^. 207 

(Step B) 2-[2-(1-Methylethenyl)-7-methaxybenzofuran (Conpound llu-b) 

Substantially the same procedure as in Step C of Reference Example 20 was repeated using Compound ilu-a 
(16.0 g) obtained in Step A to give (k>mpound 21 (15.6 g. 98.0%) as a pale-yellow oily substance. 

NMR(CDCl3. 5. ppm): 1.98(bs. 3H). 4.02(s. 3H). 5.07 (bs. 1H). 5.22(bs, 1H). 6.78(dd, J=1.5Hz, 7Hz, 1H). 7.05(s. 
1H).7.1-7.4(m.5H).7.91(dd.J=1.5Hz.5Hz.1H) ' ^ 

MASS(nVe): 264(M*) 

(Step C) 2-(2-lsoprppyt3henyl)-7-methaxybenzofuran (Compound ilu-c) 

Substantially the same procedure as in Step D of Reference Example 20 was repeated using Compound ilu-b 
(15.3 g) obtained in Step B to give Compound llu-c (14.0 g, 91 .1%) as a cdortess oily substance. 

NfWR(CDCl3, 6. ppm): 1.26(d. J=7Hz, 6H). 3.45(sep. J=7Hz. 1H). 4.00(s. 3H), 6.77(s. 1H), 6.78(dd. J=1.5. 7.5Hz. 
1H). 7.1-7.3(m, 3H). 7.3-7.5(m. 2H). 7.61(d. J=7.5Hz. 1H) 
MASS(nVe): 266{M*). 219 

(Step D) 2-(2-lsopropylphenyD-7-nrielhQxybenzofuran-4-carbaldehyde (Conpou^ llu-d) 

Substantially the same procedure as in Step B of Reference Example 6 was repeated using Conpound Wu-c (1.00 
g) obtained in Step C to give Compound llu-d (0.67 g, 60.7%) as a pale-yellow oily substanca 

NMR(CDCl3, 6. ppm): 1.29(d. J»7Hz. 6H). 3-45(sep; J=7Hz. 1H). 4.12(s, 3H). 6.91(d, J=8Hz. 1H), 7.25(m. 1H). 
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7.35-7.5(m, 2H). 7.57(i 1H). 7.63 (d, J=7.5Hz, 1H). 7,68(d. J=8Hz. 1H). ^ 
MASS(m/e): 294(M*). 280. 261 

(Step E) (Compound Itu) 

Substantially the same procedure as in Step C of Reference Example 14 was repeated using Compound llu-d 
(5.40 g) obtained in Step D to give Compound llu (5.00 g, 84.0%) as a white solid. 

NMR(CDCl3. 5, ppm): 1.29(d. J=7Hz, 6H). 3.47(sep. J=7Hz. 1H). 3,97(s. 3H), 4.09(s. 3H). 6.83(d. J=8H2, 1H). 
7.25(m. 1H), 7.41(s, 1H), 7.4-7.5(m, 2H). 7.63(dd. J=1 Hz. 8.5Hz. 1H). 7.97(d. J=8Hz. 1H) 
MASS(m/e): 324(M+). 277 

Reference Example 22 

Methyl 7-methoxy-3-phenylbenzofuran-4-carboxylate (Compound llv) 

Substantially the same procedure as in Reference Example 15 was repeated using (impound llah (1.32 g) 
obtained in Reference Example 34 to give Compound llv (1 .26 g, 91 %) as a colorless oily substance. 

NMR{CDCl3, 6. ppm): 3.16(s. 3H). 4.07(s. 3H), 6.87(d, J=9H2, 1H). 7.31-7.44 (m. 5H). 7.68(s. 1H). 7.81 (d. J»9Hz. 
1H) , 
MASS(m/e): 282(M*) 

Reference Example 23 

7-Methoxy-2,3-dihydrot)enzofuran-4-carlx»cylic acid (Compound Ilw) 

(Step A) Methyl 7'methaxyberizofuran-4K:arboxytate (Compound 11^ 

7-MethoxybenzofiiFan-4-carlx}Kylic add (0.50 g) was dissolved in methanol (10 ml), and sulfuric add (0.6 ml) was 
dropwise added thereto under ice-cooling, followed by heating under reflux for one hour. Sulfuric acid (0.2 ml) was fur- 
ther added to the mixture followed by heating urxjer reflux for 30 minutes. After being allowed to stand for cooling, the 
solvent was distilled off. and the residue was poured into a IN aqueous solution of sodium hydroxide. The precipitate 
was collected by filtration and dried to give Compound llw-a (0.53 g, 99%) as a white solid. 

Melting point: 87-89 *C 

NMR(CDCl3.6.ppm):3.96(s.3H),4.09(s.3H). 6.83(d. J=9Hz. 1H). 7.36(d. J=1Hz. IH), 7.70(d. J«1Hz. 1H). 7.98(d. 

J=^Hz,1H) 

MASS(nVe):206(M^) 

(Step B) Methyl 7Hm^hGKy'-2.3-dihydrobenzoffuran-4-caitx»cylate (Compound llw-b) 

Corrpound llw>a (0.84 g) obtained in Step A was cfissolved in ethanol (1 6 mi), and 5% rhodium cartxni (0.1 7 g) was 
added thereto, followed by h^rogenatiori at normal temperature and normal pressure for 10 hours. TTie catalyst was 
removed, arid then the filtrate was concentrated to give Compound llw-b (0.80 g. 95%) a wNte solid. 

Melting point: 68-78 "C 

NMR(CDCl3. 5. ppm): 3.56(t. J«9Hz, 2H). 3.89(s. 3H). 3.93(s. 3H). 4.67(t J»9Hz, 2H). 6.77(d. J»8Hz. 1 H), 7.59(d. 
J=8Hz,1H) 

(Step C) (Compound Ilw) 

A mixture of Compound llW-b (0.76 g) obtained in Step B, ethanol (3 ml), and a 2N solution of sodium hydroxide (3 
ml) was heated under reflux for 3 hours. The mixture was adjusted to pH 1 by adding dilute hydrochloric acid under ice-, 
cooling. The precipitate was collected by filtration and dried to give Compound Ilw (0.64 g, 90%) as a white solid. 

Melting point: 202-207 ""C 

NMR(C0Cl3. 5. ppm): 3.61 (t J»9Hz. 2H), 3.95(s. 3H). 4.70(t J»9Hz. 2H). 6.80(d. Js=8Hz. IH). 7.65(d. J:^Hz. IH) 
MASS(m/e): 194(M*) 
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Reference Example 24 

(db)-7-MethQxy-3-metltyl-2.3-diliydrobenzofuran-^^ add (Compound Itx) 

Conpound lie (0.184 g) obtained In Reference Example 5 was dissolved in acetone (2 ml), and an aqueous solu- 
tion of potassium permanganate (0.182 g) Was slowly added thereto with sbmng at room temperature. The insoluble 
matters were filtered off. and concentrated hydrochloric add was added to the filtrate. The precipitated solid was col- 
lected by filtration and dried to give Compound llx (0.1 16 g, 58.3%) as colorless crystals. 

Melting point: 194-197 **C 

NMR(CDCl3. 6. ppm): 1.36(d. J=8.0Hz, 3H), 3.89-4.09(m, 1H). 3.96(s, 3H). 4.40(dd. J=9.3. 3.0H2. 1H). 4.56- 
4.70(m, 1H). 6.82(d. J«a9Hz. 1 H). 7.69(d. J=8.9H2, 1 H) 

Reference Example 25 

(±)-3-Ethyl-7-methQxy-2.3<iihydrok>enzofuran-4-carbOKylic add (Compound lly) 

Substantially the same procedures as in Reference Exarrple 5 and then as in Reference Exanple 24 were 
repeated using 2-bromo^-hydroxy-4-rTielhoxybenzaldehyde (0.64 g) and 1-bromo-2-bulene to give Compound lly 
(0.37 g) as colorless crystals. 

Melting point: 174-177 *»C 

NMR(CDGl3, 6, ppm): 0.92(t J=8.1H2. 3H). 1.51-1.89(m. 2H), 3.78-4.02(m, 1H). 3.95{s. 3H). 4.50-4.66(m. 2H), 
6.82(d. J=9.0Hz, 1 H). 7.70(d. J«9.0Hz. 1 H) 

Reference Example 26 

(±)-7-MethQxy-3-(2-propyO-2.3-dihydrobenzofuFarh4-carbaxyllc add (Compound lb) 

Substantially the same procedures as in Reference Example 5 and then as in Reference Exanrple 24 were 
repeated using 2-bromo-3-hydroxy-4-methoxyben2aldehyde (0.21 g) and 1-bromo-3-methyi-2-butene to give Com- 
pound llz (0.163 g) as colorless crystals. 

Melting point: 179-183 *C 

NMR(CDCl3. 6. ppm): 0.67(d, J=8.7Hz. 3H). 1.01(d. J=8.7Hz, 3H). 2.14-2.32(m, 1H). 3.82-4.01(m, 1H), 3.95(s, 
3H). 4.41 -4.51 (m, 1 H), 4.68(dd. J=9.2. 3.0H2, 1 H). 6.82(d, J=9.0Hz. 1 KQ. 7.69(d, J=9.0Hz, 1 H) 

Reference Example 27 

(d9-3-Ethoxycarbonylmethyl-7-methQxy-2,3<lihydroberizofuran-4-carboxylic add (Compound Ilea) 

Substantially the same procedures as in Reference Example 5 and then as in Reference Example 24 were 
repeated using 2-bromo-3-hydrQxy-4-methaxybenzaldehyde (2.14 g) and ethyl bromocrotonate to give Conpound llaa 
(2.45 g) as white crystals. 

NMR(CDCl3, 6, ppm): 1.27(t. J=5.7Hz. 3H), 2.52(dd. J=17.2, 12.3H2. 1H). 2.98(dd. J=17,2. 4.1Hz, 1H), 3.95(s. 
3H), 4.17(q, J=5.7Hz, 2H), 4.23-4.37 (m. 1H), 4.50-4.77{m, 2H). 6.85(d, J=8.2H2, 1H). 7.70(d. J=8.2Hz. 1H) 

Reference Example 28 

2-Cyano-7-methoxyt)enzofuran-4-cart>oxylic add (Compomd I lab) 

A mixture of Compound Hi (0.2 g) obtained In Reference Example 9. a 80% aqueous solution (2 ml) of acetic add, 
sulfamic acid (0.145 g). and a 80% aqueous solution (0.084 g) of sodiurn chlorite was stirred at room temperature one 
night. The mixture was diluted with water, and then the predpitated solid was collected by filtration and dried to give 
Compound llab (0.259 g, 83%) as white crystals. 

NMR(DMSa<J6. 6. ppm): 4.05(s. 3H), 7.30(d. J=9.1Hz. 1H), 8.00(d. J=9.1 Hz, 1 H). 8.30(s, 1H), 12.98-13.22(br. 1H) 
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Reference Exarnple 29 

7-MethQxybenzofuran-4-cartxx(yGc actd (Compound llac) 
5 . Compound tiac was synthesized according to the method described in Org. Prep. Proced. int., 763 (1989). 
Melting point: 224-226 *C 

NMR(DMSO-d6, &. ppm): 4.00(s» 3H), 7.02(d, J=9H2, 1H), 7.30(d. J=3Hz, 1H), 7.88(a J=9Hz. 1H). 8.10(d. J=3Hz, 
1H). 12.7-12.8(brs. 1H) 
10 MASS(m/e): 192(M*) 

Reference Example 30 

2-Butyt-7-methoxybenzofLiran-4-cartxxxylic acid (Compound Had) 

(Step A) 7-Methoxybenzofuran-2Hcart>aldel^e (Compound I lad-a) 

2'Cyano-7-methoxybehzofuran (0^736 g) was dissolved in dichloromethane (10 ml), and a 1.02N DIBAL solution 
(5.4 ml) in toluene was added thereto at -4 to -dO'^C. followed by stirring for one hour. Methanol and dilute hydrochloric 
20 acid were added to the mixture, and the solvent was distilled off. The obtained residue was purified by column chroma- 
tography (hexane/ethyl acetate » 1 0/1) to give Compound llad-a (0.371 g, 50%) as an oily sut)stance. . 

NMR(CDCl3. 5, ppm): 4.04(s. 3H), 6.92-7.03(m, IH), 7.17-7.40(m. 2H), 7.54(s, 1H), 9.90(s. 1H) 

2$ (Step B) (E/Z)-2-(1-Buten-1-yl)-7-methoxyt)enzoluran (Compound llad-b) 

1-Propyltriphenylphosphonium bromide (0.907 g) was suspended in ether (10 ml), and a 1.7N solution (1 .42 ml) of 
butyl lithium in hexane was added thereto urxier ice-cooling, followed by stirring for one hour. A solution of Compound 
llad-a (0.319 g) dissolved in ether (3.2 mQ was dropwtse added to the mixture, followecl kiy stirring for 10 minutes. Water 
30 was added to the mixture followed t>y extraction with ethyl acetate. The organic layer was washed vrith a saturated 
saline and dried over sodium sulfate, and the siDlvent was distilled off. The residue was purified by silica gel column 
chromatography (hexane/ethyl acetate = 30/1) to give Compound llad-b (0.28 g, 78%) as a coloriess oily nvxture of iso- 
mers (2:5). 

35 NMR(CDCl3. 6, ppm): 1.11 and 1.14(each t. J=7Hz, total 3H). 2.16-2.33(m. d.3H). 2.48-2.67(m. 0.7H), 4.01 and 
4.02(each s. total 3H), 5.80(dt. J=8. 10Hz, 0.7H). 6-23-6.39(m, IH), a48(s, 0.3H). 6.60(dt, J=8. 14Hz, 0.3H), 
6.61(8, 0.7H), 6.70-6.83(m. IH). 7.04-7.20(m, 2H) 

(Step C) 2-Butyl-7-methoxybenzofuran (Compound llad-c) 

40 

Compound ilad-b (0.27 g) was dissolved in methanol (5.4 ml), and 10% palladium caitx>n (27 mg) was added 
thereto, followed by hydrogenation at normal temperature and normal pressure for 3 hours. The catalyst was removed, 
arid then the filtrate was concentrated to give Compound llad-c (0.248 g. 91%) as an oily siibstanca 

45 NMR(CDCl3, 6. ppm): 0.94(t. J=8Hz- 3H). 1.30-1.51(m. 2H), 1.64-1.82(m. 2H), 2.79(t J=7Hz, 2H), 4.00 (s, 3H).. 
6.38{s. 1H). 6.68-6.80(m. IH). 7.02-7.1 7(m, 2H) 

(Step D) 2-Butyl-4-formy!-7-methoxybenzofuran (Compourd tiad-d) . 

so Compound llad-c (1 .70 g) was dissolved in DMF (1 7 ml), and phosphorus oxychloride (2.3 mQ was added thereto 
under ice-cooling, followed by stirring at 80''C for one hour. Phosphorus oxychloride (2.3 mQ was further added to the 
mixture under ice-cpoling, followed by stirring at dO'^C for 2 hours. After being allowed to stand for cooling, the nnxture 
was poured Into ice-water fbllowed by extraction with ether. The organic layer was washed with a saturated saline and 
dried over sodium sulfate, and the solvent was distilled off. The residue was purified by silica gel column chromatograi- 

55 phy (hexane/ethyl acetate = 10/1) to give Compound lloJ-d (1.19 g, 62%) as an oily substance. 

NMR(CDCl3. 6, ppm): 0.97(t, J=7Hz, 3H), 1.31-1.52(m, 2H), 1.67-1 .88(m. 2H), 2.83(t. J=8Hz. 2H), 4.09 (s, 3H). 
6.83(d. J=9Hz. IH). 7.14(s, IH), 761(d. Jr»9Hz, IH), 10.0(s, IH) 
MASS(m/e): 232(M*) 
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(Step E) (Compound ilad) 

Substantially the same procedure as in Reference Example 24 was repeated using CJorrpound lladKl (0 500 a) to 
give Compound Mad (0.467 g. 88%) as a white solid. v - a y 

Melting point: 114-120 *»C 

NMR(CDCl3. 5, ppm): 0.97(t. J=8Hz. 3H). 1.31-1.54(m, 2H), 1.68-1 .87(m, 2H). 2.85(t. J^BHz. 2H) 4 09 (s 3H) 
6.80(d, J=9H2, 1 H). 7.07(5. 1 H). 8.00(d. J=9H2, 1 H) . - I . i. 

MASS(m/e): 248(M+) 

Reference Exanple 31 

7-Methoxy-2-(4-pyridyl)benzofuran-4-cartx»cylic acid • hydrochloride (Compound llae) 

Distilled water (350 ml) and sodium hydroxide (544 mg) were added to Compound llq (3.50 g) obtained in Refer- 
ence Example 17, followed by heating under reflux for 2 hours. The solvent was distilled off from the reaction solution 
under reduced pressure, and the residue was cfissolved in hot ethanol (500 ml). The mixture was coded to 0*C Idlowed 
by stimng. A hydrochloric acid-ethanol solution was dropwise added to the mixture followed by stirring for 20 minutes 
The preapitated crystals were collected by filtration to give Compound llae (1 .83 g. 48^) as a whhe solid. 

NMR(D20. 6. ppm): 3.61(8. 3H), 6.44(d, J«9Hz, 1H). 7.00(s. 1H), 7.12(d, J=9Hz. 1H). 7.58(d. J=7Hz, 2H). 8.30(d, 
Js7H2, 2H) 

Reference Exanple 32 

7-Methoxy-2-(2-pyridyl)benzofuran-4-carboxylic acid • hydrochloride (Compound llaf) 

&Jbstantially ttie same procedure as in Reference Example 31 was repeated using Corrpound llr (5.00 g) obtained 
in Reference Example 18 to give Compound llaf (5.04 g. 93.3%) as a whfte solid. 

NMR(Di^SOd6. 6, ppm): 4.07(s. 3H). 7.14(d. J=8Hz. 1H). 7.53(dd, J=6Hz. 8H2. 1H). 7.91(d. J=8H2 1H) 8 02(s 
1H). 8.05-8.15{m, 2H), a73(d, J=6Hz. 1H) ^' ^ ' 

Reference Exanple 33 

2-Benzyl-7-methoxybenzofuran-4-cait>09(ylic acid (Ompound llag) 
(Step A) 2-Benzoyt-7-methaxybenzofuran (Compound llag-a) 

Substantially tiie same procedure as in Step A of Reference lExample 6 was repeated using ortiio-vanillin (7.8 g) 
Si'S"^Sl^2r?°^^^ ^^'^ * '"^^ ^ ^"^"^^ "^^"^^ hydrochloride to give Conpound llag^ (13.9 g, quant) 

NMR(CDCl3. 6. ppm): 4.01(s. 3H), 6,94(dd. J=1Hz. 8Hz. 1H), 7.29-7.21(m, 2H). 7.63-7.48(m. 4H). 8.06(dd. J=1Hz. 
8Hz. 2rl) 

MASS(nrVe): 252(M*) 

(Step B) 2-Benzyl-7-metiioxyt>en2ofuran (Compound llag-b) 

Ca^nd llag-a (10.00 g) obtained in Step A was suspended in diethylene glycol (100 ml), and potassium hydrox- 
ide (7.57 g) and hydrazine- monohydrate (5.77 ml) were added thereto with stirring at room temperature, followed by 
hating under reflux for 2 hours with stirring. The reaction solution was poured into ice-water, and the mixture was 
a^sted to weak acidic with dilute hydrochloric acid, followed by extraction with ether. The organic layer was washed 
with a saturated saline and dried over anhydrous magnesium suHate. and the solvent was distilled off under reduced 
pressure. The residue was purified by silica gel column chromatography (hexane:ettiyl acetate = 30:1) to oive Com- 
pound llag-b (7.35 g. 77.8%) as a yellow oily substance. 

^oo^/^^3* ^' 7Hz. 2H). 7.12-7.03(m. 2H). 7.35- 

/.22(m, Sri) 
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MASS(nVe): 238(M*) 

(Step C) 2-Ben2yl-7-melhQxyben2ofurarv4-carbaidehyde (Compound Hag-c) 

Substantially the same procedure as in Step B of Reference Example 6 was repeated lising Compound llag-b (7,35 
g) obtained in Step B to give Compound llag-c (2.70 g, 32.9%) as a white solid. 

(Step D) Methyl 2-benzyl-77methoxybenzofuran-4-carbQxylate (Compound ilag-d) 

Substantially the same procedure as in Reference Example 17 was repeated using Compourxl tlag^ (2.70 g) 
obtained in Step C to give Conpound llag-d (1 .20 g. 39.9%) as a white solid. 

(Step E) 2-Benzyl-7-methoxyt>enzofuran-4-caitx>xylic acid (Conpourxl Hag) 

Sut)stantially the same procedure as in Reference Example 31 was repeated using Compound Hag-d (1.20 g) 
obtained in Step D to ghra Corrpourid llag (0.39 g, 34. 1%).as a white solid. 

NMR(DMSO-ds, B, ppm): 4.01(s. 3H), 4.20(s. 2H), 6.65 (s, 1H), 7.26{d, 1H, J=8H2), 7:39-7.28(m. 5H), 7.53(d, 1H, 
J=8Hz) 

MASS(m/e): 282(M*) 
Reference Example 34 

7-Methoxy-3-phenylbenzofuran-4-cartx>xylic acid (Compourxl llah) . 

(Step A) 4-Bromo-2-phenacyloxyanisole (Compound llah-a) 

Sukjstantially the same procedure as in Step A of Reference Example 6 was repeated using 4-t>rom6-2-nnethaxy- 
phenol (7.0 g) and phenacyl bromide (10.6 g) to give Compound ilah-a (9.8 g. 74%) as a pale-yellow oily si4>stance. • 

NMR(CDCl3, 6. ppm): 3.83(s. 3H), 5.33{s. 2H). 6.76(d. J^Hz. 1H), a95(d, J= 2Hz. 1H), 6.76(d/j=8Hz, 1H), 
7.06(dd. J=2. 8Hz, 1 H), 7.45-7.63(m, 3H). 7.96-7.99(m, 2H) 

MASS(m/e): 320(M+) ' 

(Step B) 4-Bromo-7-methoxy-3-phenylbenzofuran (Conrpourvd llah-b) 

Polyphosphoric add (50 mQ was added to Compound llalva (1 0.8 g) ot>tained in Step A followed by heating at SCC 
for 4 hours. After being allowed to stand for cooling, the reaction solution was poured into ice followed by extraction with 
ether. The organic layer was washed with a saturated saline and dried over magnesium sulfate. The solverrt was dis- 
tilled off iahd the residue was purified by silica gel column chromatography (hexane:ethyl acetate = 30:1) to give Com- 
pound liah-b (5.9 g, 58%) as a pale-yellow oily sut)starice. 

NMR(CDCl3, 5. ppm): 4.02(s. 3H); 6.72(d. J=9Hz, 1H). 7.32(d. J«9Hz;iH). 7.40-7.51(m. 5H), 7.62(s, 1H) 
MASS(nVe): 302(f^*) 

(Step C) (Conpound llah) 

iSubstantialty thee same procedure as in Step D of Reference Example 1 was repeated using Compound llah-b 
(4.0 g) obtained in Step B and using dry ice Instead of DMF to give Conpound llah (1 .5.g. 42%) as white crystals. 

NMR(CDCl3, B. ppm): 4.10(s, 3H). 6:88(d. J=9Hz, 1H), 7.31-7.35(m. 5H), 7.71(s. 1H), 7.88(d, J=9Hz. 1H) 
MASS(nVe): 268(M*) 

Reference Example 35 ^ 

3-Ethoxycarbonylmethyl-7-methoxyt>erizofuran-4-cartxxxylic add (Conpound Mai) 

Suk>stantially the same procedure as in Reference Exanple 24 was repeated using Compourxl II] (4.9 g) obtained 
iii Reference Exanple 10 to give Compound llai (4.4 g. 85%) as white aystals. 
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Melting point: 170-177 '^C 

NMR(CDCl3. 5. ppm): 1.26(t J=7Hz. 3H). 3.98(s. 2H). 4.08(s. 3H). 4.17{q. J=:7Hz. 2H). 6.85(d. J=9Hz. 1H). 7.65(s. 
1H)» 8.06(d. J=9Hz. 1H) 

Reference Example 36 

4-Benzoyt-7-methQxy*2,2-dinriethyl-2,3Kiihydroberizofuran (Ck>nrpcHJnd llaj) 

(Step A) 4-(1-HydroKy-1-pheriylmethyO-7-^nethQxy-2^<limethyt-2.3<lih^ (Compound ll^-a) 

Under an argon atmosphere, a solution of Compound lla (4.6 g) obtained in Reference Example 1 in THF (25 ml) 
was cooled to -78''C. and a 1 .OM solution (26 ml) of phenylmagnesium bromide In THF was slowly and dropwise added 
thereto, followed by stirring at O^^C for one hour. A saturated aqueous solution of ammonium chloride was added to the 
reaction solution followed by extraction with methylene chloride. The organic layer was washed with a saturated saline 
and dried ever anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue 
was purified by silica gel column chromatography (chlorofomVmethanol » 50/1) to give Compound llaj-a (4.6 g, 72.2%) 
as a pale-yeliow oily sibstance. 

NMR(DI^SO-de. 5. ppm): 1.32(s. 3H). 1.34(s, 3H), 2.84 (s, 2H). 3.71 (s, 3H). 6.74-6.81 (m, 2H). 7.28-7.30(m, 5H) 
(Step B) (Compound llaj) 

Compound llaj-a (4.0 g) obtained in Step A was dissolved in methylene chloride (140 ml), and manganese dioxide 
(4.0 g) was added thereto, followed by stinring at room temperature for 5 hours. The reaction solution was filtered and 
the obtained filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chroma- 
tography (chlorofornVhexane = 1/2> to give Compound llaj (2.0 g, 67.4%) as colorless crystals. 

Melting point: 65-69 °C 

NMR(DMSO-d6. 6. PPm): 1.43{s. 6H), 3.34(s, 2H), 3.85 (s, 3H), 6.94(d. J» 8.25H2. 1H), 7.04(d. J::^.25Hz. 1H), 
7.39-7.69(m. 5H) 

IR(KBr. cm*^): 1637, 1608, 1576. 1506, 1446 
MASS(nV2): 282(M*) 

Reference Example 37 

(±)-4-Benzoyl-7-methaxy-3-methyl-2.3-dihydrobenzofuran (Compound llat^ 

(Step A) 4-(1-Hydraxy-1-phenylmethyl)-7HTieUioxy-3-methyl-2,3-dthydrobenz^^ (Compound llak-a) 

Under an argon atmosphere, a solution of Compound lie (7.0 g) obtained in Reference Example 5 in THF (70 ml) 
was cooled to -78**C. and a 1 .OM solution (41 ml) of phenylmagnesium bromide in THF was slowly and dropwise added 
thereto; followed by stirring at O^'C for one hour. A saturated aqueous solution of ammonium chloride was added to the 
reaction solution followed by extraction with methylene chlorida The organic layer was washed with a saturated saline 
and dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue 
was purified by silica gel column chromatography (chlorofbrm/methanol = 50/1) to give Compound llaj-a (7.8 g, 79.4%) 
as a pale-yellow oily substance. 

NMR(DMSO-d6. ^. PPm): 1.18(d, J=6.93Hz. 3H), 3.25-3.40(m, 1H). 3.72(s, 3H), 4.13(dd, J=.8.75H2. 3.30Hz, 1H), 
4.39(t, J=8.58Hz. 1H), 6.80(d, J=8.58Hz, 1H). 6.87(d, Jr:8.58H2, 1H). 7.20-7.31 (m, 5H) 

(Step B) Compound llaj 

Conpound llaj-a (5.0 g) obtained in Step A was dissolved in methylene chloride (240 ml), and manganese dioxide 
(5.0 g) was added thereto, followed tjy stirring at room temperature for 5 hours. The reaction solution was filtered and 
the obtained filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chroma- 
tography (ChlorofornVhexane » 1/2) to give Compound lla| (4.62 g. 93.1%) as a yellowish brown oily substance. 

NMR(DMSO-d6. 6, ppm): 1.10(d. J=6.93Hz, 3H). 3.79-3.86(m, IN), 3.86(s. 3H), 4.24(dd, J=4.29Hz. 8.91 Hz, 1H). 
4.62(t. J=8.91Hz. 1H). 6.96(d. J=8.25Hz. 1H). 7.02(d, J=8.25Hz, 1H). 7.52-7.57 (m, 2H). 7.64-7.71 (m, 3H) 
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Reference Example 38 . 

4-Benzoyl-7-methQxy-2-{4-pyridyi)benzofuran (Compound Hal) 

Substantially the same procedure as in Reference Example 36 was repeated using Compound llaf (6.0 g) obtained 
in Reference Example 6 to give Compound Hal (5.6 g, 75%) as a pale-yellow oily substance. 

NMR(CDCl3, 6. ppm): 4.12(s. 3H). 6.83(d, J=8H2, 1H). 7.4-7.6(m, 4H). 7.7-7.9(m. 5H), 8.69{d, J=5.5H2. 2H) 

Reference Example 39 

4-Acetyl-7-methQxy-2,2-dimethyl-2.3-dihydrobenzofuran (Compound Ham) 

(Step A) 4-(1-HydroxyethyO-7-methoxy-2»2-dimethyl-2,3-dihydrobenzofuran (Compound llam-a) 

Under an argon atmosphere, a solution of Compound Ha (21 g) obtained in Reference Example 1 1n THF (100 ml) 
was cooled to -78*'C. and a 1.0M solution (122 ml) of methytmagnesium bronrvde in THF was slowly and dropwise 
added the»-eto. followed by stirring at 0°C for one hour. A saturated aqueous solution of ammonium chloride was added 
to the reaction solution followed by extraction with methylene chloride. The organic layer was washed with a sattirated 
saline and dried over anhydrous magnesiuni sulfate, and the solvent was distilled off under reduced pressura The res- 
idue was purified by silica gel column chromatography (chloroform/metharx)! » 50/1) to give Compound llam-a (24.4 g, 
quant.) as a pale-yellow oily sut>stance. 

NMR(DMSO-d6. 6. PPm): 1-26(d. J=6.3Hz. 3H), 1.39(s,3H). 1.41(s. 3H), 3.00(s. 2H). 3.71(s, 3H), 4.60-4.64(m, 
1H), 4.94(d, J=4.6Hz. 1H). 6.75(s. 2H) 
MASS(m/2): 282(M+) 

■ ■ ■ - . " 

(Step B) (Compound Ham) 

Compound Ham-a (20.9 g) obtained in Step A was dissolved in mettiylene chloride (200 ml), and manganese, diox- 
ide (31 g) was added tiiereto, fbliowed by stirring at room temperature for 5 hours. The reaction solution was filtered off 
and the obtained filtiHte was concentrated under reduced pressure. The residue was purified iyy silica gel column chro- 
matography (chlorofbmn/hexane » 1/2) to give Compound Ham (1 2.2 g. 59.0%) as colorless crystals. 

NMR(DMSCKl6. PPm): 1.40(S. 6H), 2.49(s. 3H). 3.27 (S. 2H). 3.83(S, 3H). 6.94(d, J=8.6Hz. 1H), 7.49 (d, 

J=8.6Hz.1H) 

MASS(m/e): 220(M+) 

Reference Example 40 

4-Acetyl-7-ni6Hioxy-spiro[2,3Kiihydroberizof ulran-2,1 '-cydoperitane] (Compound Han) 

(Step 4-(1-HydroKyelhyO-7-metiiQxy-spirop.3<lihydrobenzofuran-2,1*-cyck)pe^ (Compound llan-a) 

Under an argon atmosphere* a solution of Compound lie (5.5 g) obtained in Reference Example 3 in THF (20 ml) 
was cooled to -78*"^ and a 0.95M solution (30 ml) of methytmagnesium bromide in THF was slowly and dropwise 
added thereto, followed by stirring at O^C for one hour. A saturated aqueous solution of ammonium chloride was added 
to the reaction solution fbliowed by extraction with methylene chloride. The organic layer was washed with a saturated 
saline and dried over anhydrous magnesiurh sulfete, and the solvent was distilled off under reduced pressura The res- 
idue was purified by silica gel column chromatograpliy (chlorofbrm/hiethanol = SO/1) to give Cbnnpound llan-a (6.7 g. 
quant) as a pale-yellow oily substance. 

NMR(DMSO-d6. 6, ppm): 1.25(d. J=6.6Hz, 3H), 1.71-1.86 (m, 8H), 3.17(s. 2H). 3.71 (s. 3H). 4.60-4.65(m. 1H). 
4.96{d. J=4.0Hz, 1H), 6.74(s, 2H) 

(Step B) (Compound Han) 

Compound llan-a (6.5 g) obtained in Step A was dissolved in mettiylene chloride (260 ml), and pyridinium chloro- 
chromate (6.8 g) was added thereto, followed by stirring at room temperature for 2 hours. The reaction solution was fil- 
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tered and the obtained fOtrate >was concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (ethyl acetate/hexane = 1/9) to give Compound Man (2.98 g, 52.8%) as colorless crystals. 

NMR(DMSO<l5. 6. ppm): 1.71-1.99(m. 8H). 2.49(s. 3H), 3.44(s. 2H). 3.83(s. 3H). 6.93(d, J=8.6Hz, 1H), 7.48(d, 
J=8.6Hz, 1H) 

Reference Example 41 

8-Methoxy-2,2-dlmethylbenzopyran-5-carbaxy!ic acid (Compound llao) 

(Step A) Methyl 3-(1.1-dimethyl-2-propyn-1-yloxy)-4-methoxyben2oate (Compound llao-a) 

A mixture of methyl 3-hydroxy-4-methoxybenzoate (5.41 g). 3-chloro-3-methyl-1 -butyne (10 ml), cesium cartx)nate 
(1 9.4 g). and DMF (54 mO was stin^ed at 80'C for one hour. 3-Chloro-3-methyl-1 -butyne (5 ml) was further added to the 
mixture followed by stirring at 90"C for 3 hours. After being allowed to stand for cooling, water was added to the mixture 
followed by extraction with ether. The organic layer was washed with a IN aqueous solution of sodium hyditxdde and 
with a saturated saline and dried over sodium simate, and the solvent was distiHed off. The residue was purified by silica 
gel column chromatography (hexane/ethyl acetate = 10/1 and 7/1) to give Compound llao-a (2.31 g, 31%) as a brown 
oily substance 

NMR(CDCl3, 6, ppm): 1.68(s, 6H), 2.54{s, 1H), 3.87{s. 3H). 3.88(s, 3H), 6.90(d. J=8H2, 1H), 7.79(dd, Jol. 8H2, 
1H),8.09(d. J=1Hz, 1H) 

(Step B) Methyl 8-methcocy-2.2<fimethylberizopyran-5-<»rfDoxylate (Compound 11^ 

Compound llao-a (2.30 g) obtained in Step A was dissolved in diethylaniOne (14 ml) followed by stirring at ISO^C 
for 5 hours. After being allowed to stand for cooling, dilute hydrochloric acid was added to the mixture followed by 
extraction with ether. The organic layer was washed with a saturated saline and dried over sodium sulfate, and the sol- 
vent was distilled off. The residue was purified by silica gel column chromatography (hexane/ethyl acetate = 10/1 and 
7/1) to give Compound llao4> (2.12 g, 92%) as a pale-yellow oily substance 

NMR(CDCl3, 6. ppm): 1.48(s. 6H), 3.86(s. 3H). 3.90(s. 3H). 5.78{d, J=:9Hz, 1 H), 6.78(d, J=8Hz, 1 H). 7.33(d. J=.9Hz, 
1H).7.56(d. J=8Hz, 1H) 

(Step C) (Conrpound llao) 

Substantially the same procedure as in Reference Exannple 31 was repeated using Compound llao-b (0.38 g) 
obtained in Step B to give Compound llao (0.34 g, 96%) as a white solid. 

Melting point: 159-166 **C 

NMR(CDCl3. 5. ppm): 1.50(s. 6H). 3.92(s, 3H), 5.80(d. J^SHz. 1H). 6.80(d, J=9Hz, 1H). 7.41 (d. J«9Hz. 1H). 7,69(d. 
J=9Hz. 1H) 
MASS(m/e): 234(M*) 

Reference Example 42. 

8-Methoxy-2,2'dimethyl-3.4-dlhydrobenzopyran-5-caft)Qxylic acid (Compound Map) 

(Step A) Methyl 8HT»ethoxy-2.2<fimethyl-3,4-dih^robenzopyran-5-cartx)xyiate (Conpound llap-a) 

Substantially the same procedure as in Step C of Reference Example 30 was repeated using Conpound llao-b 
(1.78 g) obtained in Step B of Reference Example 41 and 10% palladium cart>on (0.36 g) to give Compound llap-a 

fcl .3 1 g, 73%) as a white solid. 

NMR(CDCl3. 6. ppm): 1.40(s. 6H), 1.70-1.87(m, 2H). 3.03-3.20(m, 2H), 3.85(s, 3H), 3.90(s, 3H), 6.73 (d. J=8Hz. 
1H).7.57(d. J=8Hz. 1H) 
' MASS(m/e): 250(M*) 
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(Step B) (Compound llap) 

Substantially the same procedure as in Reference Exanple 31 was repeated using Compound llap-a (1.27 g) 
obtained in Step A to give Compound ilap (i .3 g. 96%) as a white solid. 

NMR(CDCl3. 6. ppm): 1.40{s» 6H). 1.75-1.90(m. 2H)i 3.11-3,26(m. 2H). 3.91(s. 3H). a78(d. J=9Hz. IH), 7.73{d. 
J=:9Hz. 1H) 
MASS(m^e): 236(M*) 

Reference Example 43 

5-Carboxy-8-meth(»cy-spiro[benzopyran-2 J *-^bpentane] (Comf^ 

(Step A) 8-MethQxy-4-oxo-spiro[3»4-dihydrobenzopyran-2,1*-cyclopentane] (CompourKi llaq-a) 

A mixture of methyl 2-hydroxy-3-methoxyacetophenone (16 g), cyclopentanone (33 ml), pyrrolidine (15 ml), and tol- 
uene (200 ml) was heated under rellux for 3 hours. Cyclopentanone (6 mO was further added to the mixture followed by 
heating under reflux for 2 hours. After being allowed to stand for cooling, ether was added to the mixture followed by 
washing with dilute hydrochloric acid and with a saturated saline. The mixture was dried over sodium sulfate and the 
solverit was distilled off to gh^ Compound llaq-a (20 g. 90%) ask brown oa^ . 

NMR(CDCl3, 6, ppm): 1 .54-2.00(m. 6H), 2.02-2.26(m, 2H), 2.85(s, 2H), 3.88(s. 3H). 6.90(dd, J=9, 9Hz, 1 H). 7.02(d. 
J=9Hz, IH). 7.48(d, J=9H2, 1H) . 
MASS(nVe): 232(M*) 

(Step B) 4-HydroKy-8-methoxy-spiro[3,4<lihydrobenzopyran-2,1'K:ydoperrtane] (Conrii^ 

Compound llaqra (39 g) obtained in Step A was dissolved in methanol (300 ml), and socfium borohydride (7.5 g) 
was added thereto under ice-coormg, IbllGwed by stirring at room temperature for one hour. The mixture was cooled with 
Ice again, dilute hydrochloric acid was added thereto, and the solvent was distilled off. Water was added to the residue 
followed by extraction with ethyl acetate. The organic layer was washed with a saturated saline and dried over sodium 
sulfate, and the solvent was distilled off. The residue was purified by silica gel column chromatography (hexane/ettiyi . 
acetate = 6/1 and 2/1) to give Compound llaq-b (29 g. 74%) as a pale-yellow oily substance. 

NMR(CDCl3, 6. ppm): 1.46-2.18(m. 9H), 2.25(dd, 0= 8. 12Hz. IH). 3.82(s. 3H), 4.78-4.92(m. IH), 6.80 (dd. Jrs2. 
8Hz. 1 H). 6.88(dd, J=8. 9H2, 1 H), 7.07 (dd, J=2. 8Hz. 1 H) 
MASS(m/e): 234(M*) 

(Step C) 8-Metiioxy-spiroIberizopyran-2.r-cydopentane] (Ck)^^ 

MethanesuHbnyl chloride (4.9 nriQ was dropwise added to a mixture of Compound llaq-b (1 1 g) obtained in Step B, 
triethytamine (8.8 ml), and dlchlorometiiane (1 14 ml) under ice-cooling, folidwed by stirring at room temperature for 30 
minutes. D6U (9.5 ml) was added to the mixture followed by heating under reflux for 7 hoursi After being allowed to 
stand for cooling, water was added to the mixture followed by extraction with hexane. The organic layer was washed 
vintii a saturated saline and dried over sodium sulfate, and the solvent was distilled off to give Compound llaq^ (11 g, 
99%) as a bccwn oily sut)stance. 

NMR(CDCl3. 6, ppm): 1.50-1.79(m, 4H), 1.82-2.08(m. 2H). 2.11-2.32{m. 2H), 3.84(s, 3H). 5.79(d. J=10Hz. IH), 
6.35(d, J«10Hz, IH), 6.61(dd, J=4, 6H2, IH), 6.71-6.87(m; 2H) 

(Step D) 8-Metiioxy-spiro[benzopyran-2,1 -cydopentane]-5-cari3aldeh^ 

Phosphorus oxychloride (18 ml) was dropwise added to a mixture of Compound llaq-c (1 1 g) obtained in Step C. 
N-methylformanilide (24 ml), and dichloroethane (53 ml) under ice-cooling, followed by stirring at 90*C for 2 hours. After 
being allowed to stand for cooling, the reaction solution was poured into ice-water followed by extraction with ethyl ace- 
tate. The organic layer was washed with a saturated saline and dried over sodium sulfate. The solvent was distilled off 
and tiie residue was purified by silica gel column chromatography (hexane/ethyl acetate s 8/1) to give Compound llaq- 
d (7.8 g. 65%) as an oily mixture of isonrters (1 :3). 
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NMR(CDCl3. PPm): 1.50-1.80(m. total 4H). 1.81-2.08 (m. total 2H), 2.10-2.32(m. total 2H). 3.90 and 3.91(each 
s. total 3H). 5.71 (d. J=:9Hz. 0.75H), 5.90(d. J=9H2, 0.25H), 6.39(d. J=9Hz, 0.75H). 6.85{d, J=8Hz. 0.25H). 7.15(d, 
J=1Hz. 0.75H), 7.29(d. J=1Hz. 0.75H). 7.30(d. J=8Hz. 0.25H). 7.48(d, J«9Hz. 0.25H}. 9.80(s. 0.75H). 10.0(s, 
0.25H) 

(Step E) 8-Methaxy-5-methoxycaftx)nyl-spiro[benzopyran-2,i:K:ydopen^ (Compound llaq-e) 

Compound llaq<l (21 g) obtained in Step D was dissolved In a 5% solution (400 ml) of potassium hydroxide in 
methanol, and iodine (45 g) was portionwise added thereto under ice-cooling, followed by stirring at room temperature 
for 6 hours. The mixture was cooled again with Ice, the mixture was adjusted to pH 3 by adding dilute hydrochloric add, 
and the solvent was distilled off. Water was added to the mixture followed by extraction with ethyl acetate. The organic 
layer was washed with a saturated saline and dried over sodium sulfate, and the solvent was distilled off. The residue 
was purified twice by silica gel column chromatography (hexane/ethyl acetate = 10/1 and toluene/ether = 80/1) to give 
Compound llaq-e (5.5 g, 23%) as a pale-yellow solid. 

Melting point: 48-50 **C 

NMR(GDCl3. PPm): 1 .45-2.30(ni, 8H). 3.85(s. 3H), 3.86(s, 3H), 5.82(d. J=9Hz, 1 H), 6.76(d, J=8Hz, 1 Hi, 7.37(d. 
J=9H2, 1H), 7.53(d. J=8Hz. 1H) 
MASS(ni/e): 274(M*) 

(Step F) 5-CarbQxy-8-methoxy-spiro[benzopyran-2,r-cyclopentane] (Compound llaq) 

Substantially the same procedure as in Reference Example 31 was repeated using Compound llaq-e (1.9 g) 
obtained in Step E to give Compound llaq (1 .7 g, 95%) as a white solid. 

Melting point: 177-189 *C 

NMR(CDCl3, 6. ppm): 1 .52-2.32{m, 8H). 3.90(s, 3H), 5.88(d. J=9Hz. 1 H). 6.80(d. J-9Hz. 1 H), 7.45(d. J=9Hz. 1 H), 

7.70(d,J=9Hz,1H) 

MASS(nVe): 260(M+) 

Reference Example 44 

Methyl 8-methoxy-spiro[3.4-dihydrobenzopyran-2 J '-cyclopentanel-S-carboxylate (Compound liar) 

Substantially the same procedure as in Step A of Reference Example 42 was repeated using Compound (2.0 g) 
obtained in Step E of Reference Example 43 to give Compound liar (2.0 g, 100%) as an oily substance. 

NMR(CDCl3, 6. ppm): 1,47-2.08(m, 10H), 3.1 7(t J=7Hz. 2H), 3.83(s, 3H). 3.88(s. 3H), 6.70(d. J=9Hz, 1H), 7.56(d. 
J=9Hz. 1H) 

Reference Exanrple 45 

8-Methaxy*spiro^.4Hdlhydrobenzopyran-2,1 •-cydopentanel-5K»rbQxyliG acid (Corrpound lias) 

Substantially the same procedure as in Reference Example 31 was repeated using Compound liar (2.6 g) obtained 
in Reference Example 44 to give Compound Mas (1 .8 g, 96%) as white crystals. 

Melting point: 182-189 ""C 

NMR(CDCl3, 6. ppm): 1.50-2.10(m. 10H), 3.22(t, J=6Hz, 2H). 3.90(s, 3H), 6.75(d, J=8Hz, 1H).7.70(d. J=8Hz. 1H) 
MASS(ni/e): 262(M^ 

Reference Example 46 

Methyl 8-m6thcocy-spiroP>-dihydrobenzopyran-2J'-<^cfohexaneh5H»(l^^ (Compound llat) 

(Step A) 8-Methoxy-4-oxo-spirot3,4<iihydrobenzopyran-2.1*-cydohexane] (Corrpound llat-a) 

Substantially the same procedure as in Step A of R^erence Example 43 was repeated using 2-hydrQxy-3-meth- 
Qxyacetophenone (40 g). cyclohexanone (100 ml), and pyrrolidine (40 ml) to give Compound at-a (59 g, 100%) as a 
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brown oily substance. 

NMR(CDCl3, 6, ppm): 1.20-2.10(m/10H). 2.74(s, 2H), 3.90(s, 3H), 6.90(dd. J=8. 8H2, 1H), 7.05(dd, Jal. 8Hz, 1H), 
7.46(d. J=1.8Hz.1H) 
MASS(nVe): 246(M*) 

(Step B) 4-Hydraxy-8-methoxy-spiro[3,4KJihydrobenzoi3yran-2J*-cydoh (Compound llal-b) 

Substantially the same procedure as in Slep B of Reference Example 43 was repeated using Compound at-a (59 
g) obtained in Step A and sodium borohydride (18 g) to give Ck>mpound (51 g. 80%) as a pale-yellcw oily sut>stanca 

NMR(CDC!3. 6. ppm): 1.20-2.05(m, 11H), 2.26(dd. J=:6. 13H2, 1H), 3.85(s. 3H). 4.75-4.90(m. 1H), 6.80 (dd, J=1, 
8Hz. 1 H). 6.88{dd. J=8. 8Hz. 1 H), 7.03 (dd. J=1 . 8H2, 1 H) 
MASS(m/e): 248(M^) 

(Step C) 8-Methoxy-^ro|benzopyran-2J'-cydohexane] (Conrpound llat^^ 

Sut)stantially the same procedure as in Step C of Reference Example 43 was repeated using Compound at-b (50. 
g) obtained in Step B. triethytamine (54 ml), methanesulfonyl chloride (33 ml), and DBU (58 ml) to give Compound at-c 
(46 g. 100%) as a brown oily substance. 

NMR(CDCl3. 6. ppm): 1.20-2.08(m. 10H) ,3-85(s. 3H), 5.70(d, J=9Hz. 1H). 6.33(d. J=9Hz. 1H), 6.57-6.85(m. 3H) 
MASS(nVe): 230(M*) 

(Step D) 8-Methoxy-spiro[berizopyran-2.1'-^c)ohexarle]-5-car^^ 

Sut>stantially the same procedure as iri Step D of Reference Example 43 was repeated using Compound at-c (46 
g) obtained in Step C, N-metliylformanifide (100 mO. and phosphorus cKychtoride (76 ml) to give Compound at-d (36 g, 
69%) as an oily mixture of isomers (1:3). 

NMR{CDCl3, 6. ppm): 1.25-2.10(m, total 10H). 3.91 and 3.94(eadi s. total 3H). 5.80(d, J=9Hz. 0.75H). 5.90(d, 
J=9Hz, 0.25H), 6.39(d. J=9Hz. 0.75H). 6-90(d. J=8Hz, 0.25H). 7.16(d. J=1Hz. 0.75H), 7.28(d. J=1H2, .0.75H). 
7.32{d. J=8Hz. 0.25H), 7.45(d. J=9Hz, 0.25H), 9.80(s. 0.75H), 10.0(s, 0.25H) 

(Step E) Methyl 8-methQxy-spiro|benzopyr£in-2.1'-cyclohexane]-5'Cartx»cyIate (Compound llat-e) 

Substantially the same procedure as in Step E of Reference Example 43 was repeated using Compound at-d (36 
g) obtained in Step D and iodide (71 g) to give Compound at-e (4.8 g, 12%) as a pale-yellow solid. 

Melting point: 70-75 •C 

NMR(CDCl3, 6. ppm): T.20-2.03(m, 10H). 3.85(s, 3H), 3.90(s. 3H). 5.83(d. J=9Hz. 1H). 6.77(d, J=«Hz. 1H). 7.32(d. 

J=9Hz, 1H), 7.55{d. J=8Hz. 1H) 

MASS(m/e):288(M*) 

(Step F) Methyl 8-n[iethGxy-spiroP,4Kiihydroberizopyran-2,1*-cydohexane]-5-cari90x^ (Compound tiat) 

Substantially the same procedure as in Step A of Reference Example 42 was repeated using Compound at-e (2.1 
g) obtained in Step E to give Compound Hat (2.1 g. 100%) as a pale-yellow oily substance. 

NMR(CDCl3. 6, ppm): 1.25-1.94(m. 12H), 3.10(t 7Hz, 2H), 3.84(s, 3H). 3;89(s, 3H), 6.73(d. J=9Hz, 1H). 7.55(6, 
J=9Hz. 1H) 

Reference Example 47 

4-Methoxy'Spiro[2,3<jihydrobenzcfuran*2,1*-cyclopentane]-7-carbald6hyde (Compound llau) 
(Step A) 4-Bromo-3-(2-axocyclopentyloxy)anisole (Compound llau-a) 

Substahtially the same procedure as in Step A of Reference Example 3 was repeated using 2-bromo-5-metfiQxy- 
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phenol [Journal of Medicinal Chemistry. 1263, (1985)1 (13.0 g) to give Compound llau-a (15.1 g. 83%) as a Dale-yellow 
oily substance. # j 

NMR(CDCl3, ppm): 1.85-2.50(m. 6H), 3.78{s. 3H). 4.53-4.59(m. 1H). 6.45(dd, J=9, 3Hz. 1H) 6 67(d J=3H2 
1H), 7.39(d.J=9Hz, 1H) J' - \ » 

MASS{m/z): 284(M+) 

(Step B) 2-Bromo-4-(2-methylenecyclopentylQxy)anisole (Con^xnind llau-b) 

Suljstantially the same procedure as in Step B of Reference Example 3 was repeated using Compound ilau-a (1 0.5 
g) obtained in Step A to give Compound llau-b (8.2 g, 79%) as a pale-yellow oily substance. 

NMR(CDCl3. 6. ppm): 1.66-2.62(m. 6H), 3.77(s. 3H). 4.89-5.92(m. 1H). 5.1 1-5.1 2{m. 1H), 5.22-5 23(m 1H) 
6.40(dd. J=9.3Hz, 1H).6.57(d,J«3Hz. 1H), 7.40(d,Jo9Hz, 1H) 
MASS(m/e): 282(M+) 

(Step C) 6-Bromo-2-[(2-cydopenten-1 -yl)methyr|-3-methoxyphenol (Conpound llau-c) 

Substantially the same procedure as in Step C of Reference Examples was repeated using Cdrrpound llau-b (8.2 
g) obtained In Step B to give Compound llau-c (7.6 g. 93%) as a brown oily substance. 

NMR(CDa3, 6, ppm): 1.a0-1.91(m. 2H), 2.24-2.30(m, 4H). 3.47(s. 2H). 3.78(s. 3H), 5.25(s 1H) 5 62 fe 1H) 
6.41(d.J=9H2. 1H),7.27(d,J=9Hz.1H) 
MASS(m/e): 282{M*) 

(Step D) 7-Bromo-4-methoxy-spiro[2.3<lihydroben2ofuran-2. 1'-cydopentane] (Compound llau-d) 

Substantially the same procedure as in Step D of Reference Example 3 was repeated using Conpound llau-c (5 7 
g) obtained in Step C to give Compound llau-d (5.5 g, 98%) as a brown oily substance. 

NMR(CDCl3. 6. ppm): 1.65-2.20(m, 8H), 3.17(s. 2H). 3.79(s, 3H), 6.28(d, J=9Hz. 1H), 7.18(d. J=9Hz. 1H) 
MASS(m/e):282(M*) ^ . . 

(Step E) 4-Methoxy-spiro[2.3-dihydrobenzc#uran-2J'-cyckpentane]-7-carbaW (Corrpound liau) 

Substantially the same procedure as in Step E of Reference Example 3 was repeated using Compound llau-d (5 5 
g) obtained in Step D to give Compound llau (4.3 g, 95%) as colorless crystals. 

NMR(CDCl3. 6. ppm): 1.70-2.19(m, 8H). 3.09(s. 2H). 3.88(s, 3H). 6.47(d. J=9Hz, 1H). 7.63(d, J=9Hz. 1H), 10.08(s, 
1H) 

MASS(nVe): 232(M+) 
Reference Example 48 

4-MetfiQ)y-spirop,3<mTydroben2offuran-2.r-cy^ acid (Conpound llav) 

Substantially the same procedure as in Step E of Reference Example 47 was repeated using Compound (6.9 g) 
obtained in Step D of Reference Example 47 and using dry ice instead of DMF to give Conpound llav (3.5 g. 58%) as 
white crystals. 

NMR(CDCl3. 6. ppm): 1.68-2.23(m. 8H), 3.17(s, 2H), 3.90(s, 3H).6.55(d. J=9Hz. 1H). 7.83(d. J-9Hz, 1H). 9.63(brs. 
1H) 

MASS(nVe):248(M*) 
Reference Exanple 49 

Methyl 4-melhaxy-spirop.3-dihydrobenzofuran-2,1 '-cyclopentane]-7-carbaxylate (Conpound Haw) 

Substantially the same procedure as in Reference Exanple 1 5 was repeated using Conpound llav (1 .0 g) obtained 
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in Reference Exanple 48 to give Ck>mpound ilaw (0.86 g. 81%) as (X)lorl^ 

NMR(CDCl3. 6. ppm): 1 .70>2.22(m. 8H). 3.06(s. 2H}. 3.85(s, 3H). 3.87(s. 3H), 6.42(d. J=9Hz. 1H). 7.75(d, J=9Hz. 
1H) 

MASS{rTVe): 262(M*) ' 
Reference Example SO . 

7-MethQxy-spiro[1,3-benzodicKole-2,1'K;yclopentane]4-cait>aldeh^ 

(Step A) 7-Methoxy-spiro[1.34>enzodoxole-2.V-<^dopentane] (Compound 

A mixture of 3-methoxycatechol (22,6 g). cyciopentanone (27.1 g). methyl orthoformate (34.2 g), P'toluenesulfbnic 
ackj * monohydrate (0.2 g), axrd benzene (300 ml) was heated under reflux for 24 hours. After being allowed to stand for 
cooling, a dilute solution of sodium hydroxide was added to the mixture followed by extraction with ether. The organic 
layer was washed with a saturated saline and dried ever anhydrous potassium carbonate. The solvent was distilled off 
under reduced pressure to give Confound llax-a (30 g, 90%) as a colorless oily sutistance. 

NMR(CDCl3. 5. ppm): 1.79-1.89(01, 4H). 2.06-2.21(m, 4H). 3.89(s. 3H), 6.44-6.50(m. 2H), 6.74(t J=8Hz. 1H) 
MASS(m/e): 206(M*) 

(Step B) (Compound llax) 

Compound Itax-a (17.0 g) obtained in Step A was dissolved rn dimetfiyKormamide (100 ml), and phosphorus 6xy- . 
chloride (23.1 ml) was added thereto, followed by heating at eO^'C for 6 hours. After being allowed to stand for cooling, 
the reaction solution was poured into ice followed by extraction with ether. The organic layer was washed wfth a satu- 
rated saline and dried over anhydrous potassium cartx)nate. The solvent was distilled off and the residue was purified 
by silica gel column chromatography (hexane:ethyi acetate = 20:1) to give Compound llax (2.1 g, 11%) as colorless 
crystals. 

NMR(CDa3, 5. ppm): 1.83-1. 91 (m, 4H), 2.14-2.24(m, 4H), 3.97(s, 3H), 6.58 (d. J=:9Hz, 1H), 7.27(d. J=9Hz, 1H). 
9.99(8, 1H) 
MASS(m/e): 234(M+) 

Reference Example 51 

Methyl 7-metha)cy-spiro[1,3-benzodioxole-2,r-cydopentane]-4-carlx>xylate (Compound May) 

Substantially the same procedure as in Step C of Reference Example 14 was repeated using Compound Hay (3.7 
.g) obtained In Reference Example 50 to give Compound Hay (2.7 g, 64%) as a colorless oily substance. 

NMR(CDCl3, a, ppm): 1.84-1.90(m, 4H), 2.11-2.25(m. 4H), 3.88(s, 3H), 3.94(8. 3H). 6.52(ci. Jb9Hz. 1H), 7.40(d^ 
J=9Hz. 1H) , 
MASS(nVe): 264(M+) 

Reference Example 52 

7-Methoxy-spiro[1.3-benzodiOKOle-2,1*-cyclopentane]-4-cartx3xyllc add (Compound liaz) 

Substantially the same procedure as in Reference Example 31 was repeated using Cornpound Hay (1.70 g) 
obtained in Reference Example 51 to give Compourd lIaz (1 .54 g, 96%) as colorless crystals. 

NMR(CDCl3, 6. ppm): 1.83-1.91(m. 4H). 2.14-2.24(m, 4H), 3.97(s. 3H), 6.58(d. J=9Hz, 1H). 7.27(d, J=9Hz. 1H). 
9.63(brB, 1H) 
MASS(m/e): 250(M*) 
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Reference Example 53 

7-Befizoyl-4-melhcwy-spiro[1,34>en2odloxo^ (Compound llba) 

(Step A) 7-(1-Hydra)cy-1-phenyDme!hyl-4Hnethaxy-spiro[1,3-^ (Ckxnpound Iba-a) 

Substantially the same procedure as In Step A of Reference Exanple 36 was repeated using Compound llax (4.4 
g) obtained in Reference Example 50 to give Compound llba-a (5.6 g, 95%) as a pale-yellow oily substance. 

NMR{CDCl3, 6. ppm): l.77-1.87(m. 4H). 2.03-2.18{m, 4H), 2.48(d, J=4H2, 1H). 3.85(s. 3H), 5.92(d. J=4Hz, 1H), 

6.43(d. J=9Hz. 1 H), 7.15(d, J=9Hz, 1H). 7.22-7.43(m, 5H) 

MASS(nVe):312(M+} 

(Step B) (Compound llba) 

Substantially the same procedure as in Step B of Reference Example 36 was repeated using Corrpound llba-a (5.6 
g) obtained in Step A to give Compound llba (4.9 g, 88%) as a colorless oily substance. 

Nf^R(CDCl3. 6. ppm): 1.72-1,83(m. 4H), 2.04-2.1 8(m. 4H), 3.94{s. 3H), 6.56(d. J=9Hz. 1H). 6.68(d. J«9Hz, 1H). 
7.40-7.57(m, 3H). 7.77-7.81 (m, 2H) 
fAASS{m/e): 310(M*) 

Preparation Example 1 Tablet 

Tablets having the following composition are prepared according to a conventional method. 



Compounded 


50 mg 


Lactose 


60 mg 


Potato starch 


50 mg 


Polyvinyl alcohol 


2mg 


Magnesium stearate 


1 mg 


Tar dye 


a trace amount 



Preparation Example 2 Powder 

Powder having the foOowing composition is prepared according to a conventional metiiod. 



Compounded 


50 mg 


Lactose 


250 mg 



Preparation Example 3 Nasal inhalation 

A nasal inhalation having the following composition is prepared according to a conventional method. 



Conpound 68 


1 mg 


Lactose 


20 mg 
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Preparation Example 4 Ophthalmic preparation 

An ophthalmic preparation having the Ibllowing cbrrposition is prepared according to a conventional method. 



Compounded 


lOmg 


Sodium chloride 


20 mg 


Methylparaben 


0.1 mg 


Propylparaben 


0.1 mg 


Injectable water 


q.s. 1.0 ml 



Preparation Exarrple 5 Transdermal therapeutic system 

A transdermal therapeutic system having the tbllcwing composition is prepared according to a conventK)nal 
method. 



Compounded 


10 g 


White beeswax 


iBOg 


Stearyl alcohol 


30 g 


Cholesterol 


30 g 


White vaseline 


q.s. 1.000 g 



Preparation Example 6 Suppository 

A suppository having the Ibllowing composition is prepared according to a conventional, method. 



Compound es 


10 mg 


WitepsolW>15 


1.79 g 



Preparatiori Example 7 Injectable Preparation • r 

An injectable preparation having the foUcwing composition is prepared according to a conventional method. 



Compounded 


lOmg 


injectable water 


q.s. 1 .0 ml 
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Preparation Example 8 Syrup 

A syrup having the foHGwing conpositbn is prepared according to a conventional method. 



Compound 68 


10 mg 


Sucrose 


300 mg 


Methyt3araben 


O.Smg 


Sodium l3enzoate 


0.5 mg 


Lemon flavor 


as necessary 


Dye 


as necessary 


Purified water 


q.s. 1.0 ml 



Preparation Example 9 Nasal spray 

A nasal spray having the following composition is prepared according to a conventional method. 



Compound 68 


10mg 


Sodium chloride 


8mg 


Benzalkonium chloride 


0.1 mg 


Carbopoi 


lOmg 


Purified water 


q.s. 1.0 ml 



Preparation Example 10 Tablet 

Tablets having the following composition are prepared according to a conventional method. 



Compounded 


10 mg 


Lactose 


140 mg 


Com starch 


45 mg 


Sodium croscarmeBose 


10 mg 


Hydroxypropyl cellulose L 


4mg 


Magnesium stearate 


1 mg 



Preparation Example 1 1 Capsule 

Capsizes having the following composition are prepared according to a conventional method. 
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Compound 68 


lOmg 


LactosG 


185 mg 


Sodium croscarmeUose 


lOmg 


Hydroxypropyl cellulose L 


4mg 


Magnesium stearate 


1 mg 



Preparation Example 12 Dry syrup 

A dry syrup having the lollowing composition is prepared aocoiding to a conifentional method. 



Compounded 


10 mg 


Sucrose 


0.7 g 


. D-mannitol 


0.28 g 


Pullulan 


20 mg 



Preparation Exairple 13 Granules 

Granules having the following composition are prepared aocortfing to a conventional method. 



Compound 68 


10 mg 


Lactose 


0.8 g 


Com starch 


0.1 7 g 


Hydroxypropyl cellulose L 


30 mg 



Industrial Aoolicabilitv ~ 

The present invention can provide oxygen-containing heterocyclic compounds which exhibit PDE IV inhSDitory 
activity and which are useful as therapeutic agents for asthma, allergy rheumatoid arthritis, psoriasis, myocardial inf- 
arction, d^resslon. amnesia, multiple sclerosis. Crohn's disease, systemic lupus erythematosus, diabetes, wounds. 
AIDS, and the like. 

Claims ' ■ 

1. An GKygen<oritainirig heierocydic <x)mpourKi represented by foHomng Fbrn^ / 
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wherein R"* and independently represent hydrogen, substituted or unsubstituted lower alkyi, cycloalkyl. polycy- 
cloalkyl. lower alkenyl. cydoalkenyi. substituted or unsubstituted aryi. a substituted or unsubstituted aromatic het- 
en^cyclic group, aralkyt. cyano. or -(CH2)n-E^-CO-Q^ {wherein E"* represents a bond. O. or NH; and represents 
hydrogen, substituted or unsubstituted lower aJkyl. cycloall^. polycydoalkyl. substituted or unsubstituted aryl. a 
substituted or unsubstituted aromatic heterocyclic groups aralkyi, OR® (wherein R® represents hydrogen, lower 
BSk)fl, cycioalM. polycydoalkyl. sutistituted or unsubstituted aryl, a substituted or unsubstituted aromatk: heterocy- 
clic group, or aralkyi). or NR^R® (wherein R^ and R® independently represent hydrogen, lower alkyl. cydoalkyi, 
polycydoalkyl. substituted or unsubstituted aryl. a substituted or unsubstituted aromatic heterocyclic group, subsfi- 
tuled or unsubstituted aralkyi. or heteroarylalkyi; or R^ and R® are combined to represent a substituted or unsub- 
stituted heterocydie groijp containing a nitrogen atom); and n represents an integer of 0 to 4); 

R^ and R^ are conrbined to repr^ent a saturated cartxxi ring together with a catton atom adjacent thereto* or 
R^and 

R"*^ or R^^ described below are combined to form a single tx>nd; 

R^ represents hydrogen, phenyl, or hak>gen; 

R"^ represents hydroxy or substituted or unsubstituted kwver alkoxy; 

A represents -C{R®)(R^°)- (wherein R^ and R^° independenUy represent hydrogen, sutstituted or unsubsti- 
tuted lower alkyi, cyck>alkyi. or polycydoalkyl) or O: 

B represents O. NR^"* {wherein R^"* represents hydrogen, lower alkyi. cycloalkyl. polycydoalkyl. lower alkenyl. 
cydoalkenyi. substituted or unsulKtituted aryl. a substituted or unsubstituted aromatic heterocydie group, 
aralkyi. or -(CH2)m-E2-COG2 (wherein E^. G^, and m have the same meanings as the above-described E\ 
G\ and n. respectively); or R^^ and R^ are combined to form a single bond). -C(R^2)(r13j. {y^herein R^^ 
R^^ ind^ndentiy represent hydrogen, substituted or unsubstituted lower all^, cycloalkyl. polycydoalkyl, 
lower alkenyl. cycfoalkenyl. substituted or unsubstituted aryl, a substituted or unsubstituted aromatic heterocy- 
die group, aralkyi. cyano. or -(CH2)p-E^-CO-G3 (wherein G^. and p have the same meanings as the above- 
described G^ and n, respectively); R^^ and R^ are combined to form a single bond; or R^^ and R^ are com- 
bined to form a saturated cartxMi ring together with two caribon atoms adjacent thereto}; or -C(R"'^)(R^^- 
C(R^®)(R")- {wherein R^* and R^^ independently represent hydrogen, substituted or unsut)stituted lower alkyl. 
cycloalkyl. aralkyi. substituted or unsubstituted aryl. or a sutistituted or unsubistituted aromatfc heterocydie 
group; or R^^ and R^^ are combined to lorm O; and R^® and R^^ independently represent hydrogen, substi- 
tuted or unsubstituted lower alkyl. cycloalkyl, aralkyi, substituted or unsubstituted aryl. or a substituted or 
unsul)stituted aromatic het«"ocydic group; or R^^ and R^^ are combined to form a single bond; or R^^ and R^^ 
are combined to form a saturated cait>on ring together with two carbon atoms adjacent thereto}; 
D represents (t) -C(R^®)(R^^-X- {wherein R^^ represents hydrogen, substituted or unsubstituted lower alkyl. 
cydoalkyi, polycydoalkyl, lower alkenyl. cydoalkenyi, substituted or unsubstituted aryl," a substituted or unsub- 
stituted aromatfo heterocydte group, hydro)^, substituted or unsubstituted lower alkoxy, or lower alkanoyloxy; 
and R^® represents hydrogen, substituted or unsubstituted lower alkyl. cydoalkyi, polycydoalkyl. lower alkenyl. 
cydoalkenyi. substituted or urisubstituted aryl. a substituted or unsubstituted aromatic heterocydie group, 
hydroxy. sii)stituted or unsubstituted bwer all«>xy. lower alkanoyloxy. lower alkanoyl. cyeloalkanoyl. lower 
alkoxycartxjnyl, or cyano; or R^® and R^^ are combined to form O, S. or NR^^ (wherein R^o represents hydro- 
gen, substituted or unsiijstituted lower alkyl. cydoalkyi, polycydoalkyl, lower alkenyl. cydoalkenyi, substituted 
or unsubstituted aryl. a sufc)stituted or unsubstituted aromatic heterocydie group, hydroxy, substituted or unsub- 
stituted lower alkoxy, or tower alkanoyloxy); X represents -C{R^^)(PP)- (wherein R^^ and independently 
represent hydrogen, substituted or unsubstituted lower alkyl, cydoalkyi. polycydoalkyl, fower alkenyl, 
cydoalkenyi. substituted or unsubstituted aryl. a substituted or unsitetituted aromatic heterocydfo group^ 
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lower alkanpyt. cydoalkanoyl. lower alkaxycarbonyl, or cyano) or S; or X represents NR^ (wherein repre- 
sents hydrogen, lower alkyl. cydoalkyl. sut)stituted or unsubstHuted aryt. a sitatituted or unsubstituted aro- 
matic heterocyclic group, or arali^l) unless arxi R^ simultaneously represent substituted or unsubstituted 
lower alkyl. cydoalkyl, polycydoali^. lower alkenyl, or cydoalkenyl in the above definition), (it) >C(R^^^)=Y- 
{wherein R""^ represents hydrogen, substituted or unsubstituted lower alkyl, cydoalkyl, polycydoalkyl. lower 
alkenyl, cydoalkenyl, sut>stituted or unsubstituted aryl, a sutsstituted or unsubstituted aromatic heterocydic 
group, hydroxy, substituted or unsubstituted lower alkoxy, tower alkanoyloxy, lower alkanoyi, cydoalkanoyl. 
lower aIkoxycartx)nyl, or cyano; and Y represents -C(R^^)-Z-(wherein R^^ represents hydrogen, sut)Stituted or 
unsubstituted lower alkyl. cydoalkyl. polycydoalkyt. lower alkenyl, cydoalkenyl. substituted or unsubstituted 
aryl. a sut>stituted or unsubstituted aromatic heterocydic group, lower alkanoyt, cydoalkanoyl, k>wer alkoxycar- 
bonyl, or cyano; or R^^ and R^^ are combined to form a single bond; and Z represents CONH, CONHCH2, or 
a bond) or N}. or (iii) a bond; and R^ represents substituted or unsubstituted aryl. a substituted or unsubstituted 
aromatic heterocydic group, cydoalkyl, pyridine-N-oxide. cyano. or lower alkoxycarisonyl; or a pharmaceuti- 
cally acceptable salt thereof. 



145 



EPOrri 794 A1 



INTERNATIONAJL SEARCH REPORT 



Intcnauonal appUcaticxi No. 

PCT7JP96/01327 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. Cl6 C07D307/80, 307/94, 405/06, 405/10, 405/12 
Acoofdtngto loternatioaal Piteat Qastificttioa (IPC) or to both aadooal dassificition and IPC 



FIELDS SEARCHED 



Minimttm docomeiititioo ■mfciic d (dusincatuiii system follcMMBd by duuficatioo tymbob) 

Int. Cl6 C07D307/80, 307/94, 405/06, 405/10, 405/12 



DooiBcaatioa searched other ihas miotnum docuaeBlilion id the eneat ihsl swfa dociiincm» aie toduded is the fields scarehcd 



Electronic dau base coosBlied dinisf the imecnatioiMl seaicb (fume of data base and. where practicible. search lemu wed) 
CAS ONLINE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



GtaticiD of documem, with indicatioo* where approfviate, of the relevant passages 



Relevant to daim No. 



JP, 6-503829, A (Tircel Sciencis Inc.), 

April 28, 1994 <28. 04. 94), 

Full descriptions & EP, 561989, Al 

& WO, 92/10096, Al & AU, 9191274, A 

& US, 5366986, A & US, 5506247, A 

JPr 1-110684, A (Eli Lilly and Co.)/ 

April 27, 1989 (27. 04. 89), 

Full descriptions & EP, 307172, A2 

& AU, 8821916, A & DK, 8804944, A 

& PT, 88438, A & CN, 1031841, A 

& ZA, 8806585, A & IL, 87674, A 

& AU, 9169953, A & SU, 1777602, A3 

1-207267, A (Yamanouchi Pharmaceutical Co., 
Ltd.) , 

August 21, 1989 (21, 08. 89), 
Full desctiptions & EP, 285267, A2 
& AU, 8812751, A & NO, 8800992, A 
6 FI, 8800990, A 



"xl Further 



docu 



i listed in the ooatinntion of Box C See patent Ckmily annex. 



Special csatflDitai of cited docvBeaK Uio doc ami i ai p»Mi»fced after the iatefBSiioasI flttagdMa or priority 

-A- doa»eaidrfialatlboi»»lst«toofibeartwfckhlsaot«a«leicd ^ ^ !*f «PP«« yi« bt c ited t» wd.wt>ad 

lobeef pwdcaWntewww tke priadpla or tkaoiy ttodBriylag ike iavmioa 

*E* eaiUerdocMMMbiit| Mi Mhl i wi aaa>«ftii>ih- i »t, .. . i:^P^ ^fiBi^tf,lP 

doa«« wfekh Bay throw doobiioaBriariivclsi^s) or wUehb SST'tw! 

dtadtoestabfiahlbo^^ -^wheatha 

special Raaoa (as apecrfiad!) docaaeatefp 

IB 

doe»aqipoMiatsdpriyioih.fa l-k^ol^^a,. P«P..kmcd I.tUan"'^'^''^^ 

too pgMR9 daia cteUMd -a- doc w^ M t aiecbcr U tkc nmt pMeat Etatfly 




Date of the actual oompletioo of the ioteniatiaiMl aeaidi 
August 5, 1996 (05. 08. 96) 


Date of nailiog of the tnlersatiooal aearcfa report 

August 13, 1996 (13. 08. 96) 


Name aad mailing addieaa of the ISA/ 

Japanese Patent Office 

Facaiaiile No. 


Autttonaed ouicer 
TdepbooeNo. 



146 



EP0 771 794A1 



INTERNATIONAL SEARCH REPORT 



lotenuiioiul application No. 

PCT/JP96/01327 



C (Qmtmitttkm). DOCUMENTS CONSIDERED TO BE REUEVANT . 



CMtegary* 



QliCicm of docWDcnt, with iofcatBOD, where appropriate, of.Uie xelevant passages 



Retevam to c 



iNo. 



JP, 62-234083, A ( Adoly a Laboratories , Inc.), 
October 14, 1987 (14. 10. 87), 
Full descriptions & EP, 234872, A 
& US, 4888353, A & US, 5175173, A 
& CS, 9104197, A2 

JP, 60-169473, A (Adolya Laboratories, Inc.), 
September 2, 1985 (02. 09. 85), 
Pull descriptions & EP, 147044, A2 
& CS, 9104197, A2 

FR, 2507604, A2 (Delalande S. A.), 
December 17, 1982 (17. 12. 82), 
Full descriptions (Family: none) 

WO, 96/03399, A ( (BYKG) BYK GULDEN LOMBERG 
CHEM FAB) , 

February 8, 1996 (08. 02. 96), 
Pull descriptions & AU, 9531153, A 

Phytbchemistry, 26(6), (1987), p. 1817-20, 
Banerjee, Sunil K. et al., "Sesebrinic acid, 
a cinnamic acid derivative from Seseli 
sibiricum" 

Sci. Sin., Ser. B (Engl. Ed.), 26(12), p. 1291- 
1303, Xie, Jingxi et al. , "Studies on 
emtihepatitic dmags - total synthesis of 
(.+-.)-schi2andrin C and its analogs" 

J. Chem. Res., Synop., (6), (1982), p. 159, 
Bishop, David et al., "3-AiQinoalkylidene-3H- 
indoles. Part 3. Reaction of 3-(l- 
methylpyrrolidin-2-yiidene) -3H- indole with 
diethyl roalonate" 

Z. Naturforsch.^ C: Biosci. /33C(7-8) , (1978), 
p. 465-71, pallacJcer, Franz et al., . 
"Derivatives of 1 , 3-benzodiox61es • 43. 1,3- 
benzodioxolecarboxy lie acids " . 

Aust. J. Chem., 30(8), (1977), p. 1827-35, 
Berry, Robert C et al., "Extractives of 
Australian timbers. XVII. The isolation, 
structure and synthesis of Icoparin (7,2',3*- 
tirhydrbxy-4 • -methoxyisof lavone ) " 

Phytochemistry, 16(8), (1977), p. 1257-60, 
Guiotto , A et al . , " Coumarins from unripe 
fruits of Poncirus trifoliata" 

Ann. Chim. (Rome) , 59(5), (1969), p. 428-33, 
Venturella, Pietro et al., "Structure of 
trans-meranzinic acid ( trans -auraptexiic acid) " 



iPcmsAOtoc 



•heet) (July 1992) 



147 



EP0 771 794 A1 



INTERNATIONAL SEARCH REPORT 



applicatioo No. 
PCT/JP96/01327 



C (Contmuation). DOCUMEhTTS CX>NSIDERED TO BE RELEVANT 



Cfttegoiy* 



Gtktion of docnment, with iodicaticn, wbcre appropnate, of Ihe reievanl passages 



Chem. Ber., 102(8), (1969), p. 2663-76, 
Dallacker, Franz, "Derivatives of methylene- 
dioxybenzene. XXVII. Synthesis of 
allyldimethoxy <methylenedioxy) benzenes 

Bull. Chem. Soc . Jap., 41 (5), (1968), p. 1201-8, 
Kawase, Yoshiyuki, et al.> "Synthesis of 
4-hydroxy furo (2 * , 3 * : 7 , 8) coximarins and 5H- 
benzofuro(3,2-c) furo(2,3h) ( 1 ) benzopyran-5-one 



J. Chem. Soc, C- 
S. F. Dyke et al« , 
IV. Hunetone. 



Org., (8), (1966), p. 749-53, 
"Synthesis of iso-f lavones . 



Agr. Biol. Chem., 25, (1961), p. 673-7, 
Masateru, Miyano et al., "Synthesis and 
configurational cinalysis of rotenoids. XIX. 
The total synthesis of natural rotenone" 

Phytochemistry , 4(2), (1965), p. 317-26, 
T. R. Seshadri et al^, "Polyphenoles of the 
stem bark of Psidium guava - a new allagic acid 
glycoside (amiritoside) " 

Bioorg. Med. Chem. Lett., 5(5), (1995), 
p. 501-6, Kaufman, Teodoro S. et al., "The 
design, synthesis and evaluation of A,C,D-ring 
analogs of the fungal metabolite K-76 as 
complement inhibotors: A potential probe for 
the absolute streochemisryat position 2" 

Chem. Pharm. Bull., 40(8), (1992), p. 2099-2101, 
Wada, Hiroshi et al., "Chemical and 
chemtaxonomical studies of ferns. LXXXI. 
Characteristic lignans of blechnaceous ferns" 

Chem. Pharm. Bull., 37(2), (1989), p. 340-4, 
Tanaka, Takashi et al., "Tannis and related 
compounds. Part LXXIII. Magnesium and ammonium- 
potassium lithospermates B, the active 
principles having a uremia-preventives effect 
from Salvia miltiorrhiza" 

J. Nat. Prod-, 51(1), (1988), p. 145-9, Ai, 
Chunbo et al. , "Stereos true ture of salvianolic 
acid C from Salvia miltiorrhiza" 

Tetrahedron Lett. , 27(25), (1986), p. 2833-6, 
Parker, Kathlyn A. et al., "Aryl radical- 
initiated cyclization: effect of aryl 
substituents on ring-size" 

Chem. Pharm. Bull., 34(5), (1986), p. 2024-36, 
Akashi, Toshihiro et al., "Syntheses of ring- 
hyroxylated nipradllols and their denitro 



Relevant to claim No. 



I PCTASAOlOCflaiiaioaatiaocfaeoaod sheet) (July 1992) 



148 



EP0771 794 A1 



INTERNATIONAJL SEARCH REPORT 



lotcmauonal tpplicaiion No. 

PCT/JP96/01327 



C(ContimttUon). IX>CUMENrS CONSIDERED TO BE RELEVANT 



Gktegofy* 



atitioaar 



with iodication, wbcie appropriate, of the lelevaiit passages 



Rdevant to cbim No. 



derivatives" 

J. Chem. See, Perkin Trans. 1,(7), (1982), 
p. 1467-75, Croinbie, Leslie et al., 
"Dihydrostilbenes of Caucmabis. Synthesis of 
canniprene" 

J. Chem. See, Perkin Trans. 1,(7), (1982), 
p. 1455-66, Crombie, Leslie et al., "Natural 
products of Thailand high, delta, 1-THC-strain 
Cannabis. The bibenzyl-spiran- 
dihydrophenanthrere group:, re rations with 
cannabinoids and cannif lavones" 

J. Chem. Soc, Perkin Trans. 1,(12), (1981), 
p. 32 05-13, Lee, Hiok-Huang, "Synthesis of the 
mangos tins" 



(1979) , p. 661-4, 
"Isolation of 



Tetrahedron Lett., (7), 
Crombie, Leslie et al. , 
cannabispiradienone and 

cannabidiiiydrophenanthrene . Biosynthetic 
relationships between the spirans and 
dxhydrostilbenes of Thailand Cannabis" 



Tetrahedron Lett . , (47) 
Crombie,. Leslie et al. , 
Thailand cannabis" 



, (1978) , p. 4711-14, 
"Dihydrostilbenes of 



Tetrahedron Lett., (32), (1975), p. 2795-8, 
Cannon, J. R. et al., " Structures . of nine 
quinones isolated from two . Conospermum species' 

J. Org. Chem., 60(1), (1995), p. 84-8, Crich, 
David et al., "Inhibition of Rearrangements in 
Stannane-Mediated Radical Reduction Reactions by 
Catalytic Quantities of Diphenyl Deslenide. 
An Example of Polarity Reversal Catalysis" 



FofinPCXyiSAAlOCo 



1 0C weeoed aheet) (July 1992) 



149 



THIS RAGE BLANK (uspto) 



